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PKEFACE. 


The loftal importance of the Scottish Sliale Oil Industry 
has received recognition in practical treatises on petro- 
leum, and in the most recent of such works particulars 
arc given of the processes of manufacture which have 
been successively adopted. There is, however, so 
much that is instructive in the hitherto unpublished 
details of the development of an industry in which, 
under the stimulus of keen competition, remarkable 
technical skill has been exhibited, that the Author 
has been encouraged to attempt to deal with the 
subject more fully than there has been opportunity 
for in works of a comprehensive character. In former 
years the Author felt the want of such 'a source of 
information as that which he has endeavoured to 
supply, and he therefore ventures to hope that the 
result of his labour will be found of value not only by 
those who are about to become actively engaged* in' 
the industry, but also by the large number who are 
already directly or indirectly interested ip it. 

The Author feels greatly indebted, and wishes to^ 
ppress his thanks, to many friends and strangers 
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who supplied him with historical and other infor- 
mation, and more? pspecially to his colleagues, Messrs. 
Jdhn G^lle':5LY and the late Alexander Lumsden, 
who *most i^ncrously placed information regarding 
apparatus, &c. (in use before the Author was connected 
with the trade) at his disposal. 


Brooklyn, 1897 . 
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M I N E E A L 0 I/E S 

AND 

TIIEIE BY-PEODUCTS. 

OIIArTEli 1. 

IlLSTOEICAl.. 

The important part that the paraffin oil trade plays 
in Scxdch manufai'turino’ industries makes it deserving 
of a short liistory of its origin and sul)se(jiient develop- 
ment ]>eing n un-ded. 

The lat(‘. ]\Ir. James Young, of Kelly, was the first 
to mjinufa('ture j)arafiin oil on a eommere.ial scale ; it 
itiiglit not therefore he out of j)laee to deviate slightly 
here, and, in takhig a passing glimpse at his early life, to 
note tlie immediate cause of his starting this important 
♦ndustry. 

Born in the year 1811, in humhlc circumstances, 
Mr. Young at an early age was aj^prenticed to his 
father — who was a caiptmter and cal)inet maker by 
trade, in the city of Clasgow. AVhile at this employ- 
ment he attendi^d Brofessor Graham’s evening lectures 
on chemistry, and in a sliort time became so proficient 
in that science that he was appointed demonstrator 
^nd assistant to tlie Pi'ofessor. He held this appoint- 
ment for seven years, and after that went as manager 



mineral oils and by-products. 

0 

tu xuuspratt’s Chemical Works at Newton, near Liver-^ 
pool, wjiere he nmlaincd for four and a half years. 

^ ^ Abqut the year 1843 he accepted an aj)pointment at 

Tennant’s AVorks at Manehester, and while there Dr. 
Lyon Idayfair acujuaiiited him of the faet that petro- 
leum was oozitiijj out of (uacks in the sandstone roof of 
the l{jddi])<^s (blJieiy, at Alfreton, Dctrhyshire, which 
l)clon,i»;ed to liis (1*1 ay lair’s) brother-in-law. After a 
car(‘ful (‘xami nation, Young advised his employer to 
work the petjvJeum Avith a view to converting it into a 
profitabh* busiiu'ss ; but his eni])loyer thought it would 
Ixi too small a business for him to interest liimself in, 
so A^oung took a lease of the oil-bcaj*ing ])ortion of the 
mine hijuself, and, with Meldrum (whom he had met 
at I * 1 * 0 lessor Cnduaiu’s classes) as partner, started work 
in the year 1848 manufacturing paraffin oils. At that 
time only two kinds of oil were made l)y YYnmg and 
Meldrum — one a thin oil for burning in lamps, and the 
otlier a heavy one for lubricating purposes. Meldrum 
had charge of tlie oil work, and Young continued his 
duties in the employment of Tennant. 

The supply of the (Tude petroleum was at any time, 
liable to become exhausted — as it did in 1851 ; and 
Young, being fully alive to this fact, and being of 
opinion that the oil Avas a product from coal that had 
been subjected to sul)tcrrancan heat, he experimented 
off and on for over two years on the “ artificial ” pro- 
duction of petroleum. English coal that came to 
Tennant’s yard for consumption in the furnaces was 
the first to be experimented Avith, with varying result^, 
but at last a li(iuid Avhich contained solid paraffin was 
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obtained from canncl coal. About this time (1850) 
Bartliolomew, of the C-ity and Sulhirban Works, 
Glasgow, showed Young a piece of Boghead coal or 
“ Tor])anehill jMiiieral ” ; as it proved to be very rich 
in oil, Messrs. Young and jMeldrum iminediatt'ly experi- 
mented witli all tlie dilferent vai’ieties of S('otch coals 
tliey could obtaiji, and they found a number of the 
Fifesliii-e coals gave results that com})arcd very favour- 
ably with tliose obtained tVoin the Boghead coal. 

Oji the oi'casion of a m(‘eting of the British Associa- 
tion in Edinburgh in 1 .So 0, -Messrs. Young and Meldrum 
spoke to Mr. Beimey on the subject of manufacturing 
pai’aflin oils from i^i'otch coals, and the outcome of the 
conversation was that tlie three gentlemen decided 
to erec't a work at Bathgate, Linlithgowshire, for the 
manufa(‘turc of oil from Boghead coal. They had 
serious thoughts as to wludlier it would not be better 
to start on the Fifeshire side, but as Boghead coal was 
the cheaper they decided on Bathgate, and coinmcnccd 
building the works in 1850 and manuliicturing oil in 
1851. The (‘ont)‘act of co-partnery between Young, 
•Meldrum and Benney was signed in October 1851. 

Having thus shortly traced out the origin of the 
Scotch mineral oil industry as regards “ Boghead coal,” 
it is now interesting to sec what incident led to the 
manufac'ture of oil from “ shale.” According to an 
article entitled ' Struck lie, or the Scotch Petrolia,’ 
whicji appeared in the Gl(i^(joiv Weekh/ Ilcvald of 
November 18, J8()5, a poor minei' of the historic name 
Pf Douglas, .wiio had chajge of boring operations for 
some coal-masters, one dav instructed the ])orei’S in his 
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charge to keep samples of all the diflFerent minerals^ 
through^ which tlie ‘boring instruments passed. Among 
^ihe samjples^ were some pieces of Scaly Blaes ” which 
arrested his attention and set him thinking. Taking a 
clean clay tobacco pipe, and filling tlic bowl with the 
broken blaes, ]ic cemented the top with soft clay and 
then placed the bowl in tlie fii‘e. In a short time gas 
poured out in miniature volumes from the pipe stem, 
and tlicn a black fluid began to drop from the orifice. 
After repeating this experiment over and over again, he 
suspected this “ black fluid contained pai'aflin, but had 
no means of testing it ; and, rather than take into liis 
confidence somebody who would have been able to help 
him, and make his discovery of pecuniary value to him, 
this canny Scot preferred to keep his knowledge to 
himself, and (ionso(]uently the results of his experiments 
did not come to light until too late to be of any value 
to him. 

Kobert Bell, Esq., of Clifton Hall, Linlithgowshire, 
kindly furnished the author with the following state- 
ment : “ In the year 1859 I took a lease of the Brox- 
burn minerals, and shortly afterwards, while searching^ 
for coal, came across large quantities of shale. When I 
saw the manner in which this shale burned, I determined 
to experiment on it, and had experimental retorts erected 
at Wishard, where large numbers of samples of the shale 
were distilled. The results were so encoura<»:ing that I 
immediately made arrangements for working the Brox- 
burn minerals on a large scale, and thus started the 
manufacture of mineral oils from shale in the year 1862.'^^ 
, As we have already seen, 1850 was the red-letter 
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I year of the Scotch mineral oil industry, as at the latter 
end of that year JMcssrs. Young, Mcldrum and%Benney 
commenced building the famous Bathgate ^Oil^ Wojks,^ 
which were completed early in the year 1851. 

In the contract of co-partnery Young agreed to 
supply the process for manufacturing the oil (which 
process he Lad protected by patent rights before setting 
up the retorts), Meldrum undertook to take charge of 
the works and personally superintend the manufticturing 
details, while, in Scotch phraseology, Benney put up 
the rocks ” — not the shale rocks, but that medium of 
commerce more generally known as pounds, shillings 
and pen(‘.e. 

The retorts that were first erected at Bathgate were 
of the ordinary horizontal gas-retort typo, which gave 
an oil of such poor cpiality that Young felt very dis- 
satisfied, and after the lapse of about two years he 
instituted the use of vertical retorts. The quality of 
the oil and expeditiousness with which the coal could 
be handled, resulting from this change in the form 
of retort, was so satisfactory that — according to James 
•Taylor, one of Young’s first employes — when Young 
entered the works one morning, about a fortnight after 
the new retorts had been in operation, and had made 
his usual simple tests of the crude oil, he suddenly 
rushed over to where Meldrum stood, and, after nearly 
capsizing that gentleman in his enthusiasm, caught 
hold^of his hand, and, whilst vigorously shaking it, 
gasped out, ‘‘ Meldrum ! I congratulate you, for our 
fortunes are^ade.” 

The fii^con tract made by Young and Co., for Bog- 
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head coal was in^ October 1850, at the rate of 13*9. 6d 
^er ton,cbu^at the latter end of August 1860 the price 
had^rl^p to 26.9. per ton. One ton of this coal yielded 
about 22 lbs. of solid paraffin (0*098 per cent.), which 
substance was considered troublesome, and as much as 
possible was sent away in the different grades of oils, 
while that whicjh separated from the oils of its own 
accord was removed and burnt. 

In 1854, Young commenced to separate the solid 
paraffin — by artificially cooling the oil — and stored it 
up in large quantities in the works, but it was not 
until 1858 that a practical process was discovered for 
refining it. It was greatly due to the inexhaustible 
energies of John Galletly, Youngs chief chemical adviser, 
that paraffin wax became a commercial article in 1859. ■ 

Great curiosity was, of course, manifested by all in- 
habitants in the neighbourhood, and for miles around 
the Bathgate Oil Works. To prevent too inquisitive 
people from learning or seeing too much of the methods 
and machinery used in making and refining the crude 
oil, a massive stone wall, calculated to withstand an 
attack of artillery, was built round the works ; and the" 
two heavy wooden gates, which afforded the only, means 
of ingress and egress, being constantly guarded, caused 
the works to be generally spoken of as the secret oil 
works.” Young was fully aware that even the above 
precautions were not wholly adequate to prevent men, 
who might gain admittance in the guise of workmen, 
from learning his secrets ; and therefore, to make his 
secrets doubly secure, he adopted names for the variousw 
'products, which, to the uninitiated, gave no what- 
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ever as to the stage in refining to which any of the 
products belonged. For instance' htj “called crude oil 
Black Liquor ; crude oil after distillation, Gifeen Liquor ^ 
lubricating oils after the extra(*,tion of the wax, •and 
before the acid and soda treatment, Blue Oil ; and re- 
fined lubricating oil, when ready for the market, was 
termed Finished Liquor. 

In 1851 two oil works were in existence in Scot- 
land, one being the Bathgate and tlie other a small 
work at Crofthead ; which latter was of small account, 
and only did business for l>are]y a year, thus leaving 
only the Bathgate work in existence in 1852. 

In 1858 the Clydesdale (8lcmi(^al ('Ompany, often 
erroneously called the Cambuslaiig Oil Company, started 
in the oil business, and its operations led to one of the 
most famous lawsuits ever tried })y jury. The trial 
commenced on November 1, 18G0, and lasted over a 
week, during which time the services of Great Britain's 
most eminent chemists were lirought into re(j[uisition 
by either one side or the other, their testimony being 
taken with a view to determining the line of deraarca- 
• tion between shale and coal. The Clydesdale Chemical 
Company’s works were built at Caml)uslang by Brown 
Brothers and Co., with Bain (on wdiose estate the works 
were situated) as sleeping partner. When operations 
were first commenced, crude oil was produced froih 
Parrot coal, but the company eventually resorted to the 
use ^f Boghead coal, which they retorted by the process 
known as the Continuous Distillation in Ovens, obtain- 
ing by this Drocess a yield of 85 to 90 gallons, of 880 
specific crude oil per ton of coal. Refining 
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operations were also carried out at these works, and^ 
everything went <ilofig prosperously for about seven 
^ears. AsYhe company was using an infringement of 
Yofing^^ patent, it very naturally made every endeavour 
to prevent «fche nature of the \vork it was engaged in 
being made public ; but notwithstanding every pre- 
caution being taken, word reached Young’s ears of what 
was going on in those works, and he immediately 
started the law plea above refeiTcd to ; and, being ^ 
awarded a favourable verdict by the jury, he stepped in 
and relieved tlic Clydesdale Co. of dOOO/. and Zd. or 
3ici. on every gallon of crude oil manufactured by it. 
The result was disastrous to the company, which was 
completely ruined, and Brown Brothers withdrew from 
the business in 1802 ; but Bain took Carlile (who had 
previously been acting as chemist for the company) 
into partnership, and the new firm carried on the busi- 
ness under the name of Thomas Carlile and Co. until 
the year 1 8G7, when the work was finally abandoned. 

In 1857 three oil works were in existence, when 
Miller and Sons had started their work at Aberdeen, 
where crude oil was produced from Boghead coal. This « 
work did a flourishing business in both crude and refined 
oils until the year 1864, in which year the work was 
closed, owing partly to the high price of Boghead coal, 
but perhaps more particularly to the fact that Young dis- 
covered that Miller and Sons were infringing his patents. 

In 1860 Sir James Simpson started a work at 
Oakbank, Mid Calder, Midlothian, and, after receiving 
fairly good returns from his investment for three years, 
be formed a private company which was v'lSi^success- 
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and led to the oil work and mineral fields finally 
becoming the property of a limited ^iS-bility company 
which was floated in the year 1869. ^ 

Dongal and Bi-othcrs^ oil work was also staKfut^in 
bliis year, near Blackburn House, Blackburn, Linlithgow- 
shire. The work might have been in operation to this 
iay had the supply of shale held out, but, as it was, the 
supply of that commodity only fed the thirty retorts 
for two to three months, and, after spending 8000/. in 
1 fruitless search for more shale, their retorts to the 
rjuery "‘Hows the oil business? ” were cold indeed. 

Simpson started a work at Benhar in this year, and 
it was in operation until about 1874, when it became 
bhe property of a limited liability (*,ompany floated by 
Simpson ; but before the company had a chance to get 
started they found the capital had all been absorbed. 

In 1861 five new works sprang into existence, some 
Df which only lived for a year, and some for eight 
bo nine years. The longest-lived was the ITarthill Oil 
Work, owned by Paul and Grey, who had a ready 
buyer for their crude oil in the Inverkei thing Oil Works 
Company, when the latter started refining in 1864. 

In 1862 seven more works were started, of which 
jhe West Calder Oil Company's (also known as Fell’s) 
Work, situated about half a mile from West Calder 
i^illage, was the most important. This work wa^ 
originally intended for the crude oil business only, 
out ^ter a few years of prosperity, the company 
aunched out into the refining business ako. This 
pove was the principal cause of the downfall of the 
jompanyji^ause the market value of finished products 
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fell to such an extent, just when the refinery was ready, 
to stai;jb, that the* anticipated returns from the money 
invested id the erection of the refining plant were never 
reaTSSeS. The company failed in 1879, and its work 
was bought by Young’s Paraffin Light and Mineral Oil 
Company, liimited, who pulled down all the apparatus 
that was of any worth and transferred it to their 
Bathgate and Addiewell Works. 

' In this year Bell sublet a portion of his shale fields 
to Fauld, under the condition that a stipulated quantity 
of shale be retorted per annum, and failing that the 
work was to be abandoned. Fauld built a work just 
north of Broxl)urn village, and set up thirty>six hori- 
zontal and thirty- two vertical retorts, but in a year or 
two found his inability to comply with the terms of the 
lease and had to confiscate his work to Bell, who about 
1865 let it to Steel, together with a lease of the shale 
fields, under the same conditions as Fauld had it. Steel 
found his level with Fauld after a very few months’ 
practical work, and therefore the Broxburn Oil Work 
(under which name the work had gone) again reverted 
to Bell, who then carried on the crude oil business him^ 
self, until he eventually disposed of the work and shale 
fields to what turned out to be one of the most success- 
ful of the Scotch oil companies, namely, the Broxburn 
Oil Company, Limited. 

The year 1863 brought forth eight more works, but 
only one of those needs special note, and it wfjf the 
Addiewell* Works. The fast approaching exhaustion of 
the Boghead coal mines about the year 18^-60, cause^ 
Young to look around elsewhere for a new suf^y of oil- 
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jpelding material. As burning oil was at that time in 
greater demand and more profitabfe tJban the lubricat- 
ing oils, or even wax, and as the Addiewell sliales were 
known to yield a larger percentage of burning oilsTBan 
any of the other shales, Young took a Icasib of those 
shale fields and concluded to build a new work in their 
vicinity. The (;orner stone of the oil refinery was 
laid by Young’s intimate friend. Dr. Livingstone (the 
noted African explorer), and the works were completed 
about the latter end of 1865. This work will be re- 
ferred to more particularly under the year 1866. 

In the year 1864 no fewer than thirty-eight new 
works sprang into existence. One of these, started 
by Messrs. E. Carric^k and Arnott, was known by the 
name of the “ Methyl Paraffin Oil Works,” and was 
situated at the north-east corner of Methyl ‘‘ old ” 
harbour, in Fifeshire. The crude oil was made from a 
gas coal found in the Pirnie Parrot Coal Seam, which 
later on was found to the north-west at a depth of only 
twelve feet from the surface. The crude oil was refined 
and sold in the ncigh})ourhood for 36’. 6r/. per gallon ; 
ftut a year or so later a (contract was made to supply a 
N^ewcastle merchant with the oil at the rate of 2.s‘. 6c/. 
per gallon. The tanks in which the oil was stored 
while in (course of purification were made of brick and 
3ement ; but this method of storage led to such a large’ 
[oss by leakage that the firm failed in 1868, and the 
nemljiers had to leave the country in order to escape 
irrest. Mr. Benney (on whose estate the nvork was 
situated) earned on the business until 1870, when he 
yave it u^^ unprofitable. 
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John Nimmo and Sons started a work at Thirlston%, 
near Grange Pa*n5, a^ the cast end of Boness. It con- 
tained forty-two retorts in all, twenty-seven of which 
wetrr round in cross section, and made at Invcrkeithy, 
while fiftodn were of the flat type, made l)y Ball an tine 
at the Grange l^^)undry. The original intention of the 
proprietors of this work was to manufacture oil from 
waste Parrot coal, hut finding it unpiT>fital )le, they used 
Boghead Parrot and finally Methyl coal. The latter 
was shipped to them in sloops from tlic north side of 
the Forth, and yielded about 40 gallons of 880 specific 
gravity crude oil per ton. Although a refinery was 
erected it was never put into use, and was eventually 
pulled down and sent to Slammanon. Tlie work was 
closed in the year 18G7. 

In 18G5 the number of new works that appeared 
on the scenes was eleven. Of these, the one built by 
the North British Oil and Candle Company, and situated 
at Lajiark, where the crude oil brought from Shott’s Oil 
Work was refined, has perluips received more public notice 
than was either anti(npated or wished for. This com- 
pany is noted as being the first of the Scotch companies 
to manufacture candles ; but it did not make a success 
of even that, and, after struggling along for a number 
of years,, it was finally re(*.onstructcd in the year 1883. 

18GG is noted as l)eing the year in which the much- 
heard-of Young’s Paraffin Light and MinerarOil Com- 
pany, Limited, came into existence. It was smarted 
with a capital stock of GOO, 000/., of which about 
400,000/. was paid to Young for his l^tbgate and, 
‘Addiewell Works, together with the leases oK^he shale 
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fields, &c., while Young retained a large holding in tE( 
company, and acted on the board of diieetors. 

Although this company was fairly prosperous for 
some years, and had an output equal to about one-tiiPd* 
of the total production of the Scotch works ^‘.ombined, 
it cannot be said to have been a financial success of late 
years ; ,due, firstly, to its having been handicapped, as a 
large dividend payer, by the burden of carrying such 
an excessively large capital, and secondly, being the 
first company of any importance, the works were 
necessarily fitted up with expensive apparatus and 
machinery that proved in a few years to be unsuitable 
for refining the oils so as to suit the more exacting 
requirements of the later-day trade, and consequently 
extensive and expensive alterations in tlie plant were 
constantly being made. AVhile this company was 
spending thousaiids of pounds on experiments and 
new apparatus, outsiders were carefully watching the 
results, and when new companies were formed they 
reaped the benefit of Young^s company’s experiences 
and built their works on more systematic plans, and 
^opted the use of only such apparatus as experience 
had proved was efiicient, thus escaping the necessity 
and heavy expense of making radical changes. 

Had Young’s company adopted the policy of 
patenting its improved apparatus, &c., instead of rely-** 
ing on its employes to keep such matters secret, it 
would be in a decidedly better financial position to-day 
than it is, and some of the younger companies would 
be paying royalties to it instead of using its improved 
processes >i^d apparatus ad lib. Thirdly, Young’a 
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company met with a serious loss in the withdrawal of 
Mr. Young from tlie board of directors, as he was 
the only man on the board who liad had any really 
p^sKitifcal experience in the manufacture. 

Sixteefi other works, besides Addiewell, were started 
in this year, and of these only four will be specially 
noticed. One, the Uphall Oil Work, started by Messrs. 
Meldrum, McLagan and Simpson, had a successful run 
for some years. Meldrum supplied the necessary fund^ 
McLagan the shale, as the work was on his estate, and 
KSimpson took the management. This work became the 
property of tlie Lphall Oil C'Ompaiiy, Limited, in 1871, 
and of Youngs company in 1884. 

Another work was the Coatbridge Oil Work, which 
was hx'ally known as the Waterford Oil Work, on 
account of most of its officials and workmen being 
Irishmen. The work was situated at Kirkwood, near 
Coatbridge, and ('.onsisted of 109 Griffiths' patent 
retorts, and a refineiy that was capable of handling 
the crude oil produced by the other works in the 
district as well as its own — the total amount of crude 
oil it refined averaging 2,746,000 gallons per yeay. 
The gas coals of the district, bonnets and shales of 
different kinds, were retorted, and yielded about 40 
gallons of crude oil per ton of mineral. This work was 
sold in the year 1878, but, owing to the purc^sers 
failing to obtain a lease of the minerals, it was closed 
after that date. 

Anotlier notable company was the Glasgow Scottish 
Oil Company, which was a private concern that erected 
a work at Burngrange, West Calder, andN^^t out of 
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existence the same year — after making 10,000 gallons 
of crude oil at a cost of 10,000Z. ^ • • 

Lastly, the Hermand Oil AVork, started by Dennit 
and Brown near West Calder, was noteworthy bn «Tj- 
count of the seam of shale worked by this |Concern — 
and named after Dennit — afterwards turning out to be 
one of the most valuable seams in the AVest Calder and 
Addiewcll districts. The work was abandoned in 1873. 

In 18G7 one new work, tlie Sterlaw Oil AVork, was 
started. It was situated at Sterlaw, near Bathgate, and 
was l)uilt by Aleldrum, McLagan and Simpson, for the 
production of crude oil, which latter was sent to the 
Uphall AYork to bo refined. 

The year 1808 was fruitless, while 
In 1809 only one new work and one company put in 
an appearance. The company was registered under the 
name of the Oakl)ank Oil Company, Limited, and had a 
capita] of 00,000Z. It took over the Oakbank Oil AVork, 
built by Simpson in 1800, and which was the property 
of the Mid Calder Oil Company in 1803. The Oak- 
bank Company was very successful at the start, but the 
Qonstantly decreasing prices for finished products, to- 
gether with the adoption of a bad form of retort, 
brought it to the verge of bankruptcy in 1886, and 
necessitated its reorganisation. The extension to the 
works and general reorganisation were completed iif" 
May 1887, after an expenditure of 30,236/., and the 
company was then placed once more on an equal footing 
with its competitors. • 

In 1870 two n6w works were started, but were of 
no special note, and 
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In 1871 two more new works started operations and 
one old work oihang^d hands. 

of the new works, that of, the Dalmeny Oil Company, 
bicnited, will be specially referred to. This company 
has been ^^a phenomenal success, and as it has always 
been a crude oil work only, and has not had any special 
advantages as regards shale fields, &c., it points to the 
fact that there is not much profit in refining unless 
done on a sufficiently large scale ; and if some of tlie 
other ventures had followed the Dalmeny Companyh 
example, and stuck to the crude oil business, and left 
the refining to those more capable of doing it, it would 
have been better for all concerned. 

The new company formed this year was the Uphall 
Oil Company, Limited, capitalised at 170,000/., which 
bought the Uphall and Sterlaw Oil Works, built by 
Meldrum, McLagan and Simpson, 1866-G7. The com- 
pany eventually met with insurmountable reverses, and 
being unable to do any better, finally amalgamated 
with Young’s company. 

In 1872 two small new works were started, one 
near Paisley and the other at Benhar. 

In 1874 a limited liability company was formed to 
take over Simpson’s “Benhar” work, but the capital 
was all absorbed, and Simpson suddenly found a change 
^of climate necessary for his health. 

In 1877 the famous Broxburn Oil Company, Limited, 
was floated, with a capital of 180,000/. This company 
bought up the oil work and shale fields acquired by 
Bell in 1862. Bell, besides being a large stock-holder, 
also took an active interest in the management of the 
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company, which latter has been one of the greatest suc- 
cesses in the history of the Scotch oil industry. ^ 

The Straiten Oil Company also started in this year, 
with a capital of 50,000Z. It was anything *buf*a 
booming success, and will be again noticed in) 1882. 

In 1880 the Walkinshaw Oil Company, Limited, 
with a capital of 120,000/., bought up the Abercorn Oil 
Work (which had been built near Inkerman in 1871), 
and also a work built by Jas. Greenshields and Co. near 
Johnstone in 1866. This company, like many others, 
was more heard of in the Liquidation Court than else- 
where. 

The Clippens Oil Company, Limited, with a capital of 
360,000/., bought up the Clippens Oil Work (started by 
Benney in 1871), together with the Pentland Oil Works. 

In 1881 the Burntisland Oil Company, Limited, 
was floated, with a capital of 20,000/., and took over 
the Biimend Oil Work. 

In 1882 the Straiton Oil Company, Limited, got 
into such straitened circumstances that it had to be 
either financially reconstructed, or give up business. 
As there still appeared to be plenty of people with 
more money than brains, ready to rush blindly into the 
oil business, sufficient capital was soon raised to buy 
out the Straiton Oil Company, and carry on its bu^i^ 
ness under the name of the Midlothian Oil Company, 
Limited — see 1884. 

In J 883 the oil craze seemed to take a fresh spurt, 
no less than six new companies appearing on the field : — 

The Bathgate Oil Company, Limited, capitalised at 
50,000/., and works at Seafield. 
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The Fampherston Oil Company, Limited, with a 
capital of 7'O,O0Oif., and works at Pumpherston. 

The Westfield Oil Company, Limited, with a capital 
o'f’ 25,000?., bought the old Capeldrae Oil Work. 

The "yi^estlothian Oil Company, Limited, with a 
capital of 100,000?., erected a crude oil works at Deans, 
and bought Simpson s old Benhar work and used it as a 
refinery. 

The Philipstoun Oil Work, started by the private 
company Jas. Eoss & Company,'* two miles east of Lin- 
lithgow, with, it is said, a capital investment of 60,000?. 

Last but not least as far as trouble goes — the 
Lanark Oil Company, Limited, which spent 80,000?. 
on improvements at the old Lanark vrork of the late 
North British Oil and Candle Company. The company 
also acquired Fernic's tumbled-down Cobbinshaw Oil 
Work, at which latter work they produced the crude oil 
and distilled it, sending the distilled oil to the L^anark 
work to be refined. After running two years, the direc- 
tors found it advisable to reduce the original capital of 
10,000 shares of 10?. each to 10,000 shares of 6?. each ! 

In 1884 oil companies were harder to float, but not- 
withstanding that fact three new companies were formed 
and two changes of ownership took place. 

The new companies were : — 

The Linlithgow Oil Company, Limited, with a capital 
of 200,000?., and works at Champfleurie, Linlithgow. 

The Holmes Oil Company, Limited, capitalised at 
lOOjOOOi, and having a work at Holmes, Uphall. 

The Millburn Oil Work, owned by the private com- 
i-pany of Smith Brothers and Hurling. 
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The changes in ownership were, the amalgamations 
of the Uphall company with Young’s company, and the 
Midlothian company with Clippens’ company. 

Ill 188G the Hermand Oil Company, with a fcapit&l 
of 265,7 50Z., built a crude oil work at West Calder, and 
did a fair business until it took the Walkinshaw Oil 
Company into amalgamation in 1890. The principal 
reason for the amalgamation was to secure the Walkin- 
sSaw company’s refinery, which had been standing idle 
since 1886. It of course entailed the expenditure of a 
very large sum of money to put the refinery into 
working order, not to speak of the new and improved 
machinery that was bought ‘‘ to enable the company to 
manufacture or refine oil as cheaply as its competitors ; ” 
and, when everything was ready to start, the company 
concluded that, as market values had taken a sudden 
drop, they would close up both their works until the 
market improved again. Both works are still closed ! 

The year 1887 was a black one for the Scotch oil 
trade generally, as will be seen later, but notwithstand- 
ing that, it was only too apparent the backbone of the 
tsade was broken. 

In 1889 the Caledonian Mineral Oil Company, 
Limited, was floated, with a capital of 120,000?., and 
acquired the mineral fields of Tarbrax, Greenfields and 
Cobbinshaw, together with the crude oil work at Cob^" 
binshaw and refinery at Lanark, formerly the property 
of the Lanark Oil Company (then in liquidation). The 
purchase price was 45,000?. This company ^aid one 
5 per cent, dividend, but since then has kept quiet on 
tfie subject of dividends. 
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Table I. 

H. Bs. = Horizontal Betorts. V. Rs. = Vertical Retorts. 


r 

Name of Work or Company. 


Aberoorn Oil Work . 

Aberdeen „ 

Addiewell „ 

Airdrie Mineral Oil Co. 
Albyn Oil Work 
Arden „ 

Armadale „ 

Auobenheath Oil Work 
Avonhead „ 

Bankball „ 

Bathgate „ 

Bathgate Oil Co. 

Bathville Oil Work . 

Bellsquarry „ 

Benhsff „ 

>» >» 

^ 9t 

^Binnend „ 

Birkenshaw „ 

JBlaokbnm „ 

Blackston „ 

Blackst^n „ 

Biidesholme „ 

Broxburn 

M , »y 

»> J» 

»> »» '• • 

bum Oil Co.j Ltd. 

u. 

A- ^ 


Original Proprietors. 

Location. 

Abercorn Oil Co. . 

Near Winchburgh, Inker- 

Miller & Sons 

man * 

Near Aberdeen . 

Jas. Young . 

Addiewell, West Calder, 

Midlothian 

Airdrie .... 

Fornie .... 

Broxburn .... 

Trustees of John Wil- 

Near Caldercruix, near Air- 

son of Dundyvan 

drie 

P. Scott. . 

Near Armadale. 

J. & J. Baird 

Lesmahagow 

Douglas & Boag . 

.. 

Young, Meldrum & 

Bathgate . . . * . 

Benney 


.. .. 

Seafield .... 

Wm., John & Thomas 

Bathville .... 

Watson 


.. .. 

Bellsquarry, nr. W. Calder 

Simpson 

•• 

Thornton 

? ... 

? ... 

.. 

Fifeshire . . u . 

Allen Craig & Sons 

IJ miles from Larkhall 

Dougal Bros. 

Blackburn, near Blackburn , 

Blackston Mineral Co. . 

House 

Blackston, near Paisley 

Allen Craig & Co. 

Linwood, near Johnston^ 

Paisley 

Uddingston 

Fauld .... 

.. .. 

Liddle .... 

West end of Broxburn 

McClintock . 

Roman Camp „ 

Pointer. 

S. side of canal, Broxburn . 

Steele .... 

N. 

.. 

Broxburn .... 

0 
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Table I. 


D. Rs. = D-sLapcd Retorts. S. G. - Still Going. 


When 

Started. 

Aban- 
doned or 
Changed 
Hands. 

i 

Remarks. ■ v 

1871 

1880 

H. Rs. to ond of 1871, and then 240 V. Rs. ; crude oil only ; affeil',. 


• 

1880, Walkinshaw Oil Co. , i 

1857 

1864 

H. Ra. ; crude and refining. 

Afterwards Young’s Paraffin Light and Mineral Oil Co., Ltd. ' 

1863 

S. G. 

1864 

1874 


1862 

1806 

Fauld’s Work rebuilt ; V. and H. Rs. ; reverted to Bell. 

1866 

1870 

12 Bell and 12 Cowan Rs. ; stood a year or two, then rented 

J. Kirk for short time. 

1863 

1867 

24 H. Rs. ; crude only ; gravity 895 to 902. 

1866 

1868 

1864 

1871 


1866 

1870 


1860 

1887 

First Scotch Oil Work ; Young’s P. L. & M. 0. Co. in 1866 ; after 
1887, sulf)huric acid manufactory only. 

1883 

1892 

Bankrupt 1887, and handed over to sequestration under control of 

1864 

1873 

[J. Pender. 

1864 

1871 


1860 

1874 

Bought by West Lothian Oil Co. 1874, and worked until 1883. ' 

1864 

1875 

1872 

1876 


1866 

•1881 

Bought by Burntisland Oil Co. ; now in hands of Receiver. 

1866 

1871 

20 D. Rs. ; crude oil only. 

. I860 

1860 

30H.RS.; 

1872 

1879 i 


1870 

1886 

44 V. Rs. ; crude oil only. 

^1866 

1873 


[im 

1862 

Afterwards Albyn Oil Work. 

1862 

1867 

30 H. Rs. 

1861 

1868 ' 

12 H. Rs. ; about 1865 Fraser’s property, and then 75 H. Rs. and 

1862 

1867 

30 H. Rs. ; crude oil. * [small refiner^r.^ 

1862 

1868 

30 H. Rs. and 50 V. Rs. ; crude only. y 

|J877 

,S.G. 
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Table I. 


% ^ 

Name of Work or Company. 

^ c 


Backside Oil Work . 
Burntisland Oil Co., Ltd. . 
Caledonia Oil Work . 
Caledonian Mineral Oil Co. 
Capeldrae Oil W ork . 
Capputhall 13og Oil Work . 
Carlo wrie Oil Work . 
Clippens Oil Co., Ltd. 
Clippens Oil Work . 
Clydesdale Oil Co. . 
Cobbinshaw Oil Work 

>» >j 

»> »♦ • 

Coneypark Oil Work . 
Craigie „ 

Croftbead „ 

Crown Point „ 

Dalmeny Oil Co., Ltd. 
Drumoross Oil Work . 
Pryflat „ 

Dnungray „ 

East Fulton „ 

Fergushill „ 

Forth and Clyde Oil Work 
Glasgow Scottish Oil Co. . 

Glenture Oil Work . 
Grange „ 

Greendykes „ 

GreeKgairs „ 

Harthill „ 

B[ermand Oil Co. 

Hennand Oil Work . 

■« jj 

B[igh Fossil „ ‘ 

Holmes Oil Go., Ltd. 
*^urlford Oil Work . 

c. 


Original Proprietors. 


McLagan 
Goo. Simpson 

Ferris, Fernie & Co. 


Eobt. Binney & Son 
Brown Bros. & Go. 
Brand & Hislop . 
Fernie . 

John & Alex. Mungle 


Palmer & Go. 

Lester & Wyllie . 

J. Robertson, Jun. & Co. 
J. Rankin . 

Jas. Greenshields & Son 


Bryden, managing part- 
ner 

Robinson, Donald & Co. 
J. P. Raeburn 
Eobt. Bell . 

Thornton 
Paul & Gray 

Thornton . 

Dennit & Brown . 

Walker 


Location. 


Near Pumpherston 
Burntisland, Fifeshire 
Paisley . . . . 

Cobbinshaw and Lanark . 
Cardenden, Locligelly, Fife 
Near Cobbinshaw 
„ Kirkliston 
Paisley .... 
Near Johnston, Paisley 
Cambuslang 
Cobbinshaw 

Tarbrax, South Cobbinshaw 
Half way on north side, 
Cobbinshaw Loch 

Kilmarnock • , . 

Croftbead .... 

Dalmeny .... 
Greengairs 

Near Johnston . . ' 

Dreghorn, KUmarnock 

Burngrange, Wfcst Calder . 

Gunsgreen Toll, W. Calder 
Greengairs 

Hartwood Estate, W. Calder 
Breich, West Calder . 

j mile east of West Calder, 
south ‘feide of railway 

Holmes, Uphall 
Kilmarnock . , 


HISiyORIGAL. 


mHmed » « 

1 

Aban- 

— — ^ « 

^hen 

donud or 


l^tarted. 

Changed 

Eemarks. • • 


Hundt). 

« 

1861 

1867 


1881 

1895 

Formerly Binnend Oil Work. 

[1864 

1871 


1889 


Successors to Lanark Oil Co. 

1864 

f868 

Afterwards Westfield Oil Co. 

^1863 

1878 


1869 

1877 


1880 

S. G. 

Formerly Binney’s Clippens Oil Work. ; 1881, refinery only. 

1871 

1873 

After 1873, Binney only ; 272 Ks. ; crude and refinery. 

1853 

1862 

After 1862, Thos. Carlisle ; continuous distillation in ovens 

1869 

1871 

[crude and refinery, 

1864 

1873 

41 H. Rs. ; sold to Black in 1873 ; Lanark Oil Co.’s in 1883. 

1870 

1873 

36 D. Rs. ; crude only. 

1864 

1870 


1864 

1876 


186(f 

1851 


1866 

1867 


1871 

S.G. 


1865 

1870 

Bought by Oakbank Oil Co., and pulled down. 

1866 

1871 


1864 

1874 


1866 

1873 

20 H. Rs., crude and refinery to 1873 ; then Jas. Liddle & Co. ; 

1864 

1878 

[Walkinshaw Oil Co. in 1880. 

1862 

1867 


1866 

i867 

Crude only. 

1864 

1877 


1863 

1876 


1865 

1871 

100 Rs. 

1863 

1867 


1861 

1869 


1886 

.. 

Shut down — waiting for better times ! 

1864 

1870 


1866 

1873 

160 H. Rs. ; crude only. 

1863 

1871 


1884 

S. G. 


L864 

1876 

• 
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Kame (Jt‘ Worlf or Company. 


Htitohinson’s Oil Work 
Ibyerkeithon ,, 


Kilrenny „ 

Kilwinning „ 

Kirkwood „ 

Lanark Oil Co., Ltd. 
Lanemark Oil Work 
Leayonseat „ 

Limerigg „ 

Linlithgow Oil Co. 
Loohgelly Oil Work 
Low Fossil „ 

Methyl Paraffin Oil Co. 


Mid Calder Oil Co. . 
Midlothian „ 

Milbum Oil Work . 
Kettleholo „ 

North British Oil and 

Candle Co. 

Oakbank Oil Co., Ltd. 
Oakbank Oil Work . 

Old Monkland Oil Work 
Oyer Fossil „ 

Page & Co.’fl „ 

Paraffin „ 

Pathhead „ 

Pentland „ 

Philipatoun „ 

Port Lnndas „ 

Fompherston Oil Co., Ltd. 
Biggend Chemical and Oil 
Work 

Boaohsoles Oil Co. 

Boaewell Oil Work . 

Boas » . 

Bonghoraig „ 

Eowatt and Yooll Oil Work 


Original Proprietors. 

Location. 

Hutchinson . 

Andrew Munro, manager 

•• 

Coatbridge Oil Co. 

Gray & Thornton. 

Fife 

Ayrc 

Kirkwood, near Coatbridge 
Tarbrax and Lanark . 

New Curamock . 

Crofthoad .... 
Slammanon 

Champfleurie, Linlithgow . 

Peter Drummond . 
li. Carrick & Arnot 

N.E. corner of Methyl Old 
Harbour 

Oakbank, Mid Calder. 

t' 

Smith Bros. & Hurling. 

Larkliall .... 
Airdrie .... 
Lanark .... 

Sir James Simpson 

Oakbank, Mid Calder. 

jj j» • « 

Drummond & Bain 

Page & Co. . 

Clippens Oil Co. . 

Jas. Boss & Co. . 

». 

Mandell . . . , 

Fife .... ^ 

Loanhead, near Edinburgh . ■ 
Fhilipstoun, nr. Linlithgow 

.. 

Fumpherston, near TJphall . 

Law & Son . 

Eaebog ... 
Whitehall^ Peebles Boad • ' > , 
Fauldkirk . 

Jas. Spence & Co. 

Anstruther. . ■ , ■ . : 

• 
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phHnued. 


AThen 

Itarted. 

Aban- 
doned or 
Cliani^cd 
Hands. 

Eemarks. 

1864 

1866 


1861 

1869 

Kefinery only ; supplied with crude from Harthill Oil Work ; had 

1864 

1869 

twelve 1500-gallon stills made of malleable iron, and doubk 

[riveted concave bottom, 

1864 

lf?71 

[refined 2,500,000 gallons per yeat, 

1866 

1878 

109 Griffiths Patent Es. ; crude and refinery ; also bought crude ; 

1883 

1886 

160 Young and Beilby Ks. at Tarbrax ; refined at Lanark ; afl^ 

1864 

1867 

[wards property of Caledonian Mineral Oil Oc. 

1864 

1870 

1864 

1872 


1884 



1864 

1869 


1864 

1872-3 


1864 

1868 

40 H. and V. Rs. crude and refinery ; sold to Binney, 1868, then 

1863 

1869 

16 Rs. and crude only ; stopped 1870. 

After 1869 property of Oakbank Oil Co., Ltd. [1884, 

188? 

1884 

Formerly the Straiton Oil Co. ; amalgamated with Clippens Oa^ 

1884 


Crude only ; made chiefly from dross of main seam of common coal. 

1866 

1875 

1865 1 

1883 

Refinery only ; made candles 1866 ; property of Lanark Oil Oo. 

1869 

S.G. 

1883. 

Formerly Mid Galder Oil Co. ; been reconstructed number of timet. 

1860 

1863 

Property of Mid Caldor Oil Co., 1863, and of Oakbank Oil Oo^ 

1866 

1870 

[1869. 

1864 

1869 

1864 

1871 


1864 

1873 


1867 

1876 


1880 

S.G. 

See Clippens Oil Co., Ltd. 

1883 

1866 

1883 

8. G. 

1865 

1874-5 


1864 

1872 


11864 

1871 , 


1864 

1865 



1871 


1865 

1870 

• 
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Namd.of Work or Comjmiiy. 


Sevinhill Oil Work . 
Shand’s „ 

Sbettleston Oil and Chemi- 
cal Co. 

Shotts Oil Work 

Stanrigg „ 

Sterlaw „ 

Sterlaw Oil Co. 

Stowartfield Oil Work 

Stewart’s „ 

Straiton „ 

St. Eollox „ 

Struther’s „ 

Taylor’s „ 

Tliirlstane „ 

TTddingston Oil Co. . 
Uphall Oil Co., Ltd. . 
Uphall Oil Work 

Vulcan „ 

Walkinsliaw Oil Co. . 

West Caldor „ 

Westfield Oil Co., Ltd. . 
Westlothian „ „ 

Whiterigg Oil Work . 
Young’s Parallfiii Light and 
Mineral Oil Co., Ltd. 


Original Proprietor. 


Geo. Shand & Co. 


Geo. Gray & Alex. Dick 

Black .... 
Meldrum, McLagan & 
Simpson 

Eobt. Bell ’ . 

Stewart 

Straiton Oil Co. . 
Cairns & Co. 

Struther 
Taylor & Co. 

Jno. Nimmo & Sons 

Newall & Co. 

Meldrum, McLagan & 
Simpson 

Fell ” . 


Jas. Pattison 


« Table I. 


Location. 


Dalsorf, Lanark. 

Stirling . . . . 

East Glasgow . 

Dykchead, HilRiouseridge, 
Shotts 

New Monkland, Airdrie . 
Sterlaw, near Bathgate 


Stewart Estate, W. Calder 
Loanhead, near Edinburgh 

Leith . ' . r 

Boness, east end of Grange 
Pans 

Kirkwood . 

Uphall . 

jt . . . . 

Port Dundas 

Inkerman and Johnstone . 
West Calder , 

Fife 

Deans and Benhar . 

New Monkland . 

Addiewell, Bathgate and 
Uphall 




ontinued. 



Aban- 

•When 

doned or 

Started. 

Oliaufj^ed 

Hands. 

1865 

1870 

1804 

1871 

1891 

S.G. 

1865 

ft71 

1865 

S.G. 

1866 

1875 

1867 

1872 

1862 

1866 

1863 

1871 

1863 

1865 

1877 

1882 

1860 

1865 

1864 

1869 

1864 

1871 

1864 

1867 

1865 

1870 

1871 

1886 

1866 

1871 

1864 

1866 

1880 

1890 

1862 

•1879 

1883 

.. 

1883 


1865 

1870 

1866 

8. G. 



IjO H. r?s, ; crude only ; supplied crude to North British Oil an< 
Candle Co. and Uphall Oil Co. 

Became property of Uphall Oil Co. in 1871. 


r30 H. Its. 

100 H. Ks. 

After 1882 property of Clippens Oil Co. 


Difitillod Straiten shale. 

27 Bound, 15 Flat Ks. ; crude only; refinery built, but not used. 

Locally known as Nackerty [with Young’s Co. in 1886 

Formerly Uidiall Oil Work and Sterlaw Oil Work; amalgamates 
Became projKjrty of Uphall Oil Co. in 1871. 

[and East Fulton Oil Work* 
Amalgamated with Hcrmand Oil Co. in 1890 ; formerly Abercor: 
Bought by Young’s Co. in 1869, and then puiled down. 
Formerly Caj)cldrac. 

Bought Simpson’s Bonhar Work for a refinery. 

Formerly Young, Meldrum and Benney, and also Uphall Oil Oo 
Ltd. 
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The tabular stati^ment (Table I.) hIiows the dates, ‘as 
nearly as could be ascertained, of the starting and closing 
of the various works, together with other information of 
interest that could be obtained. 

It is certain that witliin the forty-five years' life of 
this industry 117 works have been built, and this number 
may possibly have been greater, as tliere is a liability 
that one or two unimportant and small woi'ks may h^ave 
existed for a short time and have escaped the Author’s 
investigations. Some of the 117 works changed ] lands 
three and four times, and altogether there were twenty- 
four changes of ownership that are known of, and there- 
fore, practically speaking, 141 different proprietors have 
tried their hands at the business. 

In 1850 — 52 oil works were in operation. 

„ 1800-67 
. 1870-01 
„ 1880—19 
„ 1890-14 
„ 1895—12 

• 

It will be seen by referring to Table II. that the shale 
distilled in late years shows a great increase over former 
years. The companies engaged in the crude oil business 
only have earned and paid very fair dividends, whereas 
those engaged in the crude and refining business have 
been sorely tried. , 

As the price of crude has fallen proportionately 
yrith the fall in price of finished products, it is very evi- 
dent that far greater strides have been made towards 
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Table II. 


Year. 

• 

Tons of Shale Distilled, 

East Scotland. 

West Scotland. 

Total. 

1873 

439,615 

84,480 

524,095 

1874 

277,210 

84,700 

361,910 

1875 

377,108 

46,314 

423,422 

187G 

454,892 

86,381 

541,273 

1877 

581,351 

102,767 

684,118 

1878 

535, C2G 

110,313 

645,939 

187!) 

624,912 

87,516 

712,428 

1880 

730,777 

C3,0G0 

793,837 

1881 

840,259 

71,912 

912,171 

1882 

898,754 

93,733 

994-, 437 

1883 

1,043,499 

87,230 

1,130,729 

1884 

1,365,157 

104,492 

1,469,649 

1885 

1,665,667 

76,083 

1,741,750 

188G 

1,655,427 

43,717 

1,699,144 

1887 



1,368,704 

1888 



2,026,779 

1889 


.. 

1,962,715 

*1890 
1891 ] 



2,154 824 

to > 
1895 ] 

Averaged 

each year about 

2,000,000 


cheapening the cost of retorting shale than in refining 
the cru(Je oil. The refining is still carried on with the use 
of the small apparatus used years ago, or with but very 
little increase in size, so that but slight reduction in the 
ebst of labour, steam, repairs, &c., has been effected, and 
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the refiners have be^n unable to do a profitable business 
in competition with the “ go-ahead '' foreign manufac- 
turers ; and from a once prosperous and thriving indus- 
try the Scotch oil trade has now dropped to a virtually 
unremunerative one, with but few good prospects ahead. 

The year 1886-87 was undoubtedly the worst the 
Scotefi trade ever experienced, and all the companies were 
more or less sufferers. 

Young s company headed the list with a year s work- 
ing loss of 42,325/. 165. 8rf., without allowing anything 
for depreciation. 

The Linlithgow Oil Company came next with a 
loss of 3904/., and then the Pumpherston company with 
a loss of 1160/., making a total loss in one year of 
47,389/: 165. 8^/. 

Broxburn, instead of declaring its usual 25 per cent 
dividend, only had 15 per cent to declare ; Burntisland 
gave its shareholders only 7 per cent, as against 20 per 
cent of the year before ; and Holmes company's share- 
holders had to be satisfied with 5 per cent, as against 
the previous year s 8 per cent 

In these days, holders of the regular shares in the 
Scotch oil companies stand a poor chance of sharing in 
the profits (if there are any) of the companies, owing to 
the latter having burdened themselves with enormous 
sums jn debentures, loans and preference shares, on 
which interest must be paid, and by the time that 
is paid but little, if anything, is left for thg share- 
holder. r 

Tabular statement No. III. shows the amounts of loans 
and debentures compared with the original capitals &f 
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Table 111. 


Name of Company. 

Original Capital. 

Loans and Debentures* 

1886. 

1887. 

1886. 

1887. 


£ 

£ 

£ 

£ 

Broxburn . 

199,750 

199,750 

64,608 

85,106 

Burntisland 

119,450 

144,950 

51,500 

65,200 

Clippons . 

247,650 

247,650 

103,184 

122,051 

Holmes 

85,000 

35,000 



Linlithgow. 

159,374 j 

160,000 


43,816 

Pumpberston 

76,500 

107,270 

52,345 

48,040 

West Lothian . 

82,314 

74,898* 

10,466 

7,400 

Young’s 

605,625 

605,625 

435,548 

526,262 


* After reduction in capital. 


the various companies in 1886 and 1887. It will be seen 
that the Holmes is the only company that has kept itself 
free from this burden, while the other companies have 
involved themselves to an extent of from to ^ their 
original capital, making a total increase of liabilities of 
190,705^ over the year 1886. 

Since 1884 the depreciation in the value of the 
shares has been ruinous to investors, as will be seen by 
referring to Table IV. 

The above depreciation in share values means a total 
loss to investors of 1,124,044/., in two years. 

Frorg 1887 to 1891 the companies had a hard 
struggle for existence, and notwithstanding%that the 
beginning of 1891 showed no brighter prospects for the 
ofl trade than the previous years, yet a new concern 
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Table IV. 


1 

Price of Shares. 

Loss. 

Name of Company. 






1884. 

December 

188G. 

May 

1887. 

Since 
Dec. 188C. 

Since 

1884. 


Broxburn . 

28^ 

22i 

11 

Ill 

174 

Burntisland. 

23,1 

15J 

7 


IG-i 

Clippons (Old) . 

172 


n 

4| 

135 

„ (Now) . 


7i 

52«. Gd. 

97s. Gd. 


Dalmeny . 

22i 

22, V 

15 

7 1 

'nr 

74 

Holmes 

.. 

90«. 

75s. Gd. 

14«. Gd. 


Linlithgow . 

.. 


H 



Pumphcrston 

.. 

72 

4 

35 


Walkinshaw 

96*. Gd. 

6a. Sd. 

6^. 3d. 

.. 

90s. 3d. 

West Lothian 



4 

15 


Young’s 

12 

9 

*4 

34 

84 


started in January of that year under the name of the 
Shettleston Oil and Chemical Company. 

The working results of the financial year 1891-2 of 
the various companies showed that four out of the eight 
companies showed a total profit of 85,492/., but only two 
of these four companies made any allowance for depreci- 
ation. The remaining four companies showed a total 
loss on the year’s work of 32,576/., so that, practically 
speaking, the eight companies taken together realised a 
profit of only 52,916/. This bad showing of course had 
its effects on the share values, which all suiTered more or 
less, and fell in value to a total amount of 646,237/. 

As each succeeding financial year comes round tSie 
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companies have always pretty niucli the same story as 
last year’s to tell their shareholders, and inr the ^v^nt of 
a company having no dividend to declare, its directors 
describe in glowing terms the prospects of the coming* 
year, and the amount of profits that ought to be made 
if so-and-so and so-and-so remain as they are ; and then 
they tell the shareholders that all the works plant is in 
splendid condition — a fairy tale for the purpose of giving 
the shareholders tlie impression that there is really no 
need of allowing for depreciation, even if they could afford 
to do it. Of course the “ oughts ” and ifs ” are seldom 
realised, and when at last the works plant is placed 
under tlie auctioneer’s hammer it won’t stand the test, 
and then the shareholders suddenly awaken to the fact 
that their splendid condition ” plant is so thoroughly 
•worn out, and in such a bad state of repair, that it will 
not even fetch the pri(‘>e of ‘‘ good ” old iron. 

(.Competition is not by any means the sole cause of 
the downfall of this once thriving industry, and one 
does not have to look far to see many far greater evils 
than competition. The different companies have been 
figl^ing one against another almost incessantly, trying 
to undersell, or raising injurious and untruthful reports 
with a view to ruining one another ; and the industry 
would have by this time been practically a thing of the 
past had not the Stanrlard Oil Company of America tried 
to act as mediator between the several companies, and 
got them j}0 combine and work amicably together, with 
a view to maintaining such prices as would enaUle them 
to pay the dividends due to their trusting (but often 
sadty disappointed) shareholders. The result of the 
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consultations between the American and Scotch oil re- 

t 

preseptiiLivcc' was the formation of the Scottish Mineral 
Oil Association in 1887. At the start this Association 
did not comprise the whole of the Scotcdi manufacturers, 
owing to the perverseness of certain directors of the 
companies ; l)ut after a while these men gradually com- 
meiKied to come to their senses, and the companies they 
represented joined in with the others, witli a view to 
regulating and maintaining prices. Things then moved 
along smoothly for a while, until one of the companies 
found it had more products ready for the market than 
tlie Association saw its way to relieve the company of, 
and so, rather than curtail its manufacture until the 
demands of the market increased, it withdrew from the 
Association and placed its products on the market at a 
greatly reduced figure, thus lowering marke^t values and * 
upsetting what Ixmefit to the (tompanics the Association 
had be(m aide to achieve in a short time. By dint of 
hard work and much persuasion, the Association finally 
won the recreant company back to its fold, but had 
hardly done so before another withdrew and upset calcu- 
lations again. t 

It is thercifore not surprising that after a chequered 
career of about five years the Scottish Mineral Oil 
Association finally disbanded in November 1892, and 
the c'ompanies went back to their old tricivs of trying to 
undersell and otherwise ruin each other ; while at the 
same time they were busy looking around fo^ feasible 
excuses ^to give their shareholders for not being able to 
pay a dividend, or having to decrease its amount. 

Another very serious cause of the almost bankrftpt 
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Condition of some of the companies, is the fact that the 
heads that govern them are men entirely (IeV)id of 
practical experience. It is undoubtedly very important 
that every company sliould have a good financier, but 
because it is fortunate enough to possess one is no ex- 
cuse for giving liim full sway in matters not pertaining 
to the final] (ual part of the business. Most of the 
managing directors in the Scotch oil trade have had no 
practical expericiKic whatever ; and not only that, but 
although they abuost invariably have thoroughly prac- 
tical ]neri under tliem, they ai*c often too dignified to 
consult and take the advice of those who are subservient 
to tliem, and I'atlier pi’efer to give arbitrary orders that 
sometiiiKJs do, but more often do not, give the desired 
results. Sonietinies the works managers arc so far 
ignored that the directors will bring in a stninger to 
value their works plant and report on it. Of course the 
reason fia-such action is olivious, as a stranger cannot 
possibly obtain an accairate knowledge of the actual con- 
dition of the plant liy a few superficial examinations that 
he may make, and c-onse(|uently he enables the directors 
to •tell the shareliolders that they (the directors) are 
proud to be able to say that a “ perfectly disinterested 
engineer ” who has examined the plant, reports that it 
is in perfect condition and values it at so much. Had 
the works manager, who knows cxac^tly what the con- 
dition of the plant is, been called upon, as he should 
be, to nwxkc a report on the condition and value of the 
plant, he would give a very different tale, and his 
report, therefore, would be unsuitable — for what it 
was wanted ! If the shareholders, instead of quietly 
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believing all that tlleir company’s directors tell them, 
wouk\^cL£.'t>9 matter into tlieir own hands, and appoint 
a committee to see that there were properly qualified 
‘men in the proper places, and more particularly that 
the said qualified men are allowed to make use of their 
experience, discretion and knowledfjjc for the benefit of 
the coinpjiny, without being interfered with by a man 
or men who know nothing about the practical manu- 
facture, they would be taking a most important stejf) in 
the direction of placing the industry on a paying basis 
once more ; and until they so act but little improvement 
can be looked for. 

Anotlicr cause of great loss of money is tlie adoption 
by the board of directors — who, as before stated, are 
generally men of no practical experience — of patented 
theorcti(^al ” apparatus or processes. The word theo- 
retical is used on account of the fact that sometimes the 
practical working of the plant has never been properly 
determined, and its ad()]')tion is liable to result in a loss 
of many bawliees” to the company, while the patentee 
gets the benefit of the experience of the practical experi- 
ment with his apparatus, &c., at no cost to him. Befqre 
these experiments are tried, the company’s practical 
men are cither entirely ignored, or sometime.^^C;\eir 
opinion is asked for, and if they give an adverse ^ ^ti- 
cism they arc considered prejudiced, and the experiM f.t 
goes merrily on. '' 

One or two of the companies that have been 
amongst ‘die biggest dividend-payers, besides being; in 
the best financial condition in these critical times, haye 
a number of practical men on the board of directors, 
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dft not waste money on outsiders^ tlicoreticnl^gatents, 
but rather encourage their own employes to improve 
the processes and apparatus ; and above all, consult thei 
practical men of the different departments and act on 
their advice. 

It is only too apparent that unless a unanimous and 
harmonious (jombi nation of the ('ompanies soon takes 
place, together with radical changes in the management 
wherever needed, we shall in a few years be left to 
mourn the loss of one of Scotland’s most important 
industries. 
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ClIAPTl^R II. 

C!EOGT!ArHICAL AND GEOLOGICAL. 

1 

A LAKGK number of the oil works were outside the sljale 
limits, and the crude oils that they manufactured were 
prodiK'ts of Parrot and caimel coals, coaly shale or 
bastard Parj’ot, and also c.ollicry dross. Those works 
that make the true shale oils are confined in a com- 
paratively small area of the (‘xmiitry extending from 
Straiton and Burntisland in the south-east and north- 
east, to Cobbinshaw and Linlithgow in the south-west 
and north-west, or a distance of about twenty-five miles 
cast and west by twelve miles north and south. 

Of course there arc shales found in other sections 
of the country, but the section between the points just 
named is the only one that has biien really of any 
great commercial value. 

The Author is greatly indebted to his old friend 
the late Mr. Alex. Lumsdeii, mining engineer to Young s 
company, for being able to give an accurate diagram 
showing the geological positions of the various seams 
of shale. It will be seen from this diagram (No. 1) 
that the^. shales of Midlothian are found in Che calci- 
ferous sandstone series lying between the Mountain 
and Burdiehouse Limestones. The thickness of the 
section is very variable, and ranges from 300 fathoms 
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at Addiewell to 150 fathoms at Straiton. . The section 
contai;?^ii different seams, but the principal com- 

mercial ones are — 

Fells, 

Broxburn, 

Uennit’s, 

and their respective thicknesses are — 

3 feet, 
h ,, 

0 „ 

The rest of the shale section is made up of several 
thin and unimportant sliale seams, together with sand- 
stones and indurated clays. 

The following reference matter adds greatly to the 
value and interest of Mr. Lumsden s diagram, and was 
prepared by him : — 

Eef. Letter. 

A. Associated with this scam is a third-rate Parrot coal, 9 inches 

thick, which yields on distillation 32 gallons of crude 
oil per ton, and was WTOUght at Provanhall, Coatbridge, 

B. Immediately over this seam is a seam of shale 8 inches 

thick, wrought at Arden, Airdrie. 

C. In this position is a seam of true shale, 8 inches thick irnd 

yielding 50 gallons crude oil per ton. Extensively 
wrought around Airdrie. 

D. The top part of this seam consists of a kind of gas coal, which 

yields 32 gallons crude oil per ton. Wrought near Airdrie. 

E. This is the seam that is found at Westfield, Fifeshiro. 

Yields 40 gallons crude oil per ton. 

P. This seam is now exhausted. It was the first mineral used 
in the production of paraffin oil. ^ 

G. Abo'.e this seam of limestone is a seam of shale yielding 

29 gallons crude oil per ton. Wrought at Leavenseat. 

H. Associated with this ironstone is a seam of a kind of shale 

yielding 32 gallons crude oil per ton. ® 
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Eef. Letter. 

* I. All the Renfrewshire oil works are supplied JromtMs seam, 
(lives 45 gallons crude oil per ton. 

J. It is between this seam and the Burdiehouse limestone that 
the best and most profitable shale seams are found. ^ 

K. Associated with this seam is an earthy kind of gas coal. 

Wrought at Drumcross, near Bathgate. 

L. Over this limestone a shale is sometimes found. It was 

wrought in a quarry between Livingston and Bathgate. 
No shale has yet been found under the Burdiehouse 
limestone. 


Shale. 

Bituminous shale, from which Scotch oils are de- 
rived, might at first sight be mistaken for coal, but on 
close examination distinct differences will be noted. 

In the first place, shale lacks the intense blackness 
of coal, varying in colour from a grey to dark clove 
brown, and, unlike coal, it does not dirty the fingers 
when handled. 

Secondly, a lump of bituminous coal may be easily 
broken into small pieces by striking it with a hammer, 
but* a piece of shale would require ten times the 
exertion before it could be similarly broken ; and the 
pieces of shale thus broken would display a conchoidal 
fracture, whereas the fracture of the coal would be 
laminated. 

From a structural point of view shale may be 
divided ^into three classes, viz. : — 

Plain shale. 

Curly „ 

Leafy „ 



^2 MINERAL fILS ANB BY-PRODUCTS. 

ff 

The first mentioned, as its name implies, has a plajn 
ippeai^wTiv.v., raeh as an ordinary piece of broken rock. 
The curly shale has a wavy or curly structure, and gives 
3ne the impression that it has been subjected to an 
mormous lateral pressure during the early stages of 
nincralisatioii. Leafy shale, whhdi might mIso, per- 
haps, be termed s(jaly shale, consists of semi-loose scales 
vhich can easily l)e separated with the blade of a knife. 

[t is usually of light brown colour, and is found almost 
solely at outcrops,” and therefore this structural peeu- 
iiarity is doubtless due to the action of the weather on 
vhat was previously, perhaps, plain shale. Leafy shale 
s of little or no value as an oil-yielding medium, and 
[s of no commeniial value, but is often sought after by 
3olle('tors of natural curiosities, as it usually contains 
Biic specimens of fossil ferns, &c., which are more easily < 
separated and prepared for exhibition than those found 
in the other shales. 

A curious feature in regard to shales is the very 
widely diverging character of the same seam in different 
districts. To such an extent does tlie same seam vary 
in character, that seams that are very profitable to 
in one distrii.t arc entirely unprofitable in another, 
althougli the two districts may be only one or two miles 
apart ; and this diminution in the value of a seam is 
always in a westerly direction. 

Table V. gives the yields of crude oil from different 
kinds of shales and coals from various sources, Some 
of the shffles that show the smaller yields of crude oil 
are often far more valuable to the companies than the 
shales that give twice or thrice the quantity of crude 
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oi*. This is due to the fact that the crude oil resulting 
from shales or coals that give a large yifeld, ge£.erally 
contains very little paraffin wax and large amounts of 
burning and lubricating oils, and the latter of low^ 
specific gravity and poor lubricating quality. It is, 
therefore, necessary to make a careful examination of 
the crude, oil before any definite opinion can be formed 
of tiie value of a shale. 

Table V. 


Name of Mineral. 


Gallons of 
Crude Oil per Ton 
of Mineral. 


Addiewcll Thick Shale . 
Asiatic „ 

Auchenlea „ 

Auchenheath „ 

Boghall „ 

Boghead Coal 

Burnside “ St. Andrew ’* Shale 
Cairney Hill „ 

Capcldrae (first equality) „ 

(second quality) „ 
Canadian „ 

Cobbinshaw (Fernie’s) „ 

„ (Mungle’s) 
Cockmydron „ 

Dalmeny „ 

Denbrae „ 

Denhoad ^ „ 

Doura or Patterson „ 

Fortnouk „ 

Gorebridge „ 

(Jrey 


27-38 
22-40 
50-00 
39 to 78 
2G-22 
85 to 128 
20-97 
10-88 
70 to 81 
41 to 05 
54-00 
44-80 

33- 77 
31-58 

34- 60 
10-90 
14-25 
."^•45 
29-81 
74-06 
24-39 
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Table V. — continued. 


Name of Mineral. 

Gallons of 
Crude Oil ])er Ton 
of Mineral. 

[nkerman Shale 

15 -i;:! 

Kirkcaldy 

32; 19 

Knightswood 

30 -00 

Ladedda „ 

71-95 

Liesmahagow „ 

39-00 

Limcficld (West Calder) Shale 

28-30 

Lochgelly „ ... 

28-70 

Methyl Brown Coal 

()5 to 90 

Methyl Black „ ..... 

19 to 52 

Mid Calder Oil Company’s Shale . 

28-70 

Midhill „ . . . 

50-00 

Muttonhole „ . . . 

13-00 

JJewliston „ . . . 

23 to 32 

3verton „ . . . 

01-00 

3moa Gas „ . . . 

17-70 

Rochsoles Coal 

72-00 

3eafield Shale 

30-10 

Furva Mineral 

69-00 

Uphall Shale 

29 to 31 

V7ellwood Coal 

lG-00 

W'emyss 

00 to 70 

SVestfield Shale 

18-50 

SVestwood 

29-30 


The specific gravity of shales does not vary very 
greatly, and usually ranges between 1'713 and* 1*877. 
The specific gravity of the Boghead coal or Torbanehill 
mineral was 1 * 224. 

t. 

The average composition of a good shale is given in 
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Table VL, while Table VII. gives the analyses of spent 
shales taken from the old form of Vertical and the 


Henderson retorts. 

Table VI. 


i 

Constituent,. 

Per Cent, by 
Weight. 

Moisture (at 240° F.) 

2*07 

Volatile matter 

24-31 

“ Fixed ” carbon 

12-50 

Asb 

60-50 

Total 

99-98 


Table VIL 


Constituent. 

Per Cent, by Weight. 

From old Vertical. 

From Henderson. 

Ca^jj^ .... 

18-40 

3-61 

Silica 

49-14 

50-19 

Oxido of iron 

10-45 

12-81 

Alumina .... 

18-37 

22-72 

Lime 

1-68 

1-77 

Magnesia .... 

0-99 

0-95 

Sulphur .... 

1-05 

1-15 

• 

Total 

100-08 

^9-50 
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CHAPTER ITL 

THEORETICAL. 

Shale, in the form in wLicli it is mijied, docs not con- 
tain any oil (jr oily matter, and no oil (^an bo ol)tained 
from it until it lias been subjected to a sutiiciently high 
lieat to biiiig about its decomposition or the bi’caking 
up of its (diemi(tal constituents, so as to allow the latter 
to rearrange tijemsclvcs and produce oil, &c. That oil 
does not exist in shale as such can be easily proved by 
reducing the shale to a fine powder, and then mixing 
it with any solvent of oil, such as Ixnizo), naphtha, 
ether, &c., when it will be found tliat these solvents 
fail to extract any oily matter whatever. Tliercforc a 
shale has to be subjected to heat, or to what is known as 
a destructive distillation, in order to obtain oil from it. 

The oil which shale yields is chemically known ^9 a 
hydrocarbon, because its constituent parts are hydrogen 
and carbon. There arc two series of these hydroc-arbons, 
one the paraffin and the other the olefine series. 

When a hydrocarbon is heated, the oil first liegins to 
boil and then to vaporise or distil, and if the vapours 
are further heated by passing them through si highly 
heated (bnght red hot) tube, they will l)e dettomposed 
into a permanent gas. We therefore see that the shale 
should be distilled at as low a heat as possildc in ord& 
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td^ obtain as much oil and as little gas as possible. It 
would be comparatively easy to distil shale so as to 
produce but a small quantity of gas, if the oil were 
present in tiie shale as oil ; but it not being so neces- 
sitates the shale being heated to a considerably liigher 
temperature than that necessary to merely distil the 
oil, in ord(‘T to overcome the chemical affinities that hold 
the Iiydro(iar]>ons in the petailiar state in whieffi they 
are present in the sliale, and in order to acr'.omplisli the 
commercial necessity of rapid working. Wlien tliese 
chemical affinities have been overcome, and tlui hydro- 
carbons flawed, the latter are subjected to a ])igh heat 
before Ihey are able to esc^ape, and are (U)iiS(H|uent]y 
partly decomposed into permanent gas ; but the amount 
of decomposition that tak(‘S jdace varies greatly with 
the form of retort used and the method of working 
tlie retorts. 

It IS evident that to accomplish tlie distillation of 
shale, and obtain tlie best results, the heating surfcice 
of the retort should be as large as possible in com- 
parison with the area of the internal cross section, 
so«iiiat the retort need not be excessively heated in 
order to distil the shale that is fai'thest away from 
the heating surface ; and that the oil vapours should 
be remoA cd fi'oin the retort as soon as possible, and be 
protected as much as possildc (while in the retort) from 
the excess of heat. The oil resulting from vapours that 
have not been sufficiently quhikly withdra^^^ from the 
retort, or sufficiently protected from the heat, is very 
liable to have what is technically called a “burnt’' 
smell. 
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Since ammonia water became such a valuable l^y- 
product of shale distillation, another needed condition in 
the distillation presented itself, and that was that scien- 
^tific experiments demonstrated that the whole of the 
nitrogen in the shale is not eliminated until the spent * 
shale has l)een freed of all its carbon, and in order to 
burn out all the carbon the shale has to be subjected to 
a neai'ly wliite heat. 

We iJierefore see tliat in theory the shale should 
be distilled at a low heat in order to obtain the maxi- 
mum yield of oil with production of as little gas as pos- 
sible, and that it should also be sul)jc(tted to a very 
high lieat in order to obtain the maximum yield of 
ammonia ; while at the same time precautions must 
be taken to prevent the oil from becoming burnt. 
Also, the retort should be constructed so that it can be 


charged, and the spent shale withdrawn, as easily, expedi- 
tiously, and with the aid of as little labour as possible. 
Under the heading “ Retorts ” wc shall see how, by 
gradual steps, these conditions have finally all been 
combined in one retort, which retort is about as near 
theoretical and practical perfection as it is possible 
to get. 

Having obtained the crude oil, it is then necessary 
to refine and separate it into its various products. The 
crude oil, as it comes from the retorts, is of a dark 
greenish-black colour, and when cold, of al)out the 


consistenc;^ of soft butter. Its principal constituents 
are paraflin and olefines contaminated with oily bases 


After all the volatile matter Las been volatilised. 
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ang-pnenols, and more or less spent shale dust, &c. The 
dust and otlier suspended solid matter is easily sepa- 
rated by allowing the oil to settle in the storage tanks, 
but tlie oily bases and phenols have to be ]*emoved by 
the use of acid and alkalies. 

Wlicii the oil is shaken up with acid, the latter 
combines with the oily bases, and also with the lower 
mtimbers of the olefines, forming a heavy black tarry 
mass, know]i as acid tar,” that settles to the l)ottom 
on allowing the mixture to stand at rest for some 
lionrs. It has been found in pinctic^e that it is not 
possibles to remote the whole of the bases l)y one or 
oven two acid treaiments, and that a number of treat- 
ments arc ne(;essary. 

The ligliter oils are moj*e susc'cptible to the action 
of the acid than the heavier ones, aiid too much or too 
strong an acid is liable to '‘burn” them and make 
tlicir sulMoqinnt ixdlning difficult, l)esid{is wasting acid ; 
therefore, as is explained under the heading “ Treating,” 
cojisidera1)le judgment has to l)c used in regard to de- 
termining the strength and (juantity of acid to use in 
thc*\arious stages of refining. 

It is, of (course, hardly necessary to state that all 
kinds of acid have liecn tried for the treatment of oils, 
and the j'esults of numberless experiments have proved 
sulphuri(i acid to he the only ojie practically suitable 
for the work. 

In tin? alkaline treatment of the oil, caystic soda 
is principally used, but in certain stages it is often 
found advantageous to use carbonate of soda. The 
alk&li, besides neutralising any free acid that may 

E 
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remain in the oil after it has received its acid tr^t- 
mcnt, attacks the phenols, and forms a thin tarry- 
looking mass which settles to the bottom of the oil. 

It must be remembered that the oily bases which 
tlie acid extracts are not decomposed by the acid, but 
foim a simple (hcmical (U)mbmation, and should the 
acid tar be neutralised with soda or any other alkali, 
the bases will be at once set free and come to the 
surface in tlie form of an oil. Therefore it is of the 
utmost importance that an acid- treated oil be allowed 
to settle until as thoroughly freed from acid tar as is 
practicable, because any acid tar that it may contain 
when it receives its soda treatment will be neutralised, 
and the oily bases thus liberated will at once go back 
into solution in the oil. 

The same caution also applies to the soda tars, but 
as the oil after the soda treatmeut does not usually 
receive a,nother acid treatment until after a distillation, 
there is little or no danger of the phenols being set free 
and redissolved by the oil. 

The oily bases are perhaps the most detrimental 
impurity to have in the oil, owing to their ol)je('.tionuble 
smell and the quickness with which they oxidise and 
turn red, and finally reddish black, thus preventing the 
manufacture of an oil that will keep its colour if any oily 
bases arc present. 

The phenols also (»xidise and redden, but not as 
rapidly a^ the oily bases, and they have iK)t such a 
disagreealde smell. Of course both impurities must 
be jemoved from an oil before we can have a properly 
and thoroughly refined oil. 
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There is another important operation that the oil 
has to undergo in the process of refining, and that is a 
distillation. The distillation performs three functions, 
namely — 

First, it enables the oil to be separated into various 
grades or products, such as naphtha, burning oils, heavy 
oils containing wax, &c. 

Secondly, it separates soluble impurities in the oil 
that cannot be removed by a judicious application of 
chemicals. 

Thirdly, it brings about a crystalline condition of 
the higher members of the paraffin group that were 
previously in a g('latinous or amorphous condition. 

The specific gravities at which the distillates are 
separated from the various products vary according to 
requirements, as will be explained under “ Eefining.’' 

The impurities that are separated by the distillation 
are certaiji carbonaceous, earthy and sulphurous matters. 
The largest amount of the carbon or coke that remains 
in a still after the distillation is finished, is the result of 
the decomposition or “ cracking of the oil rather than 
thfi presence of actual impurities ; and this fact can be 
easily demonstrated by taking a quantity of thoroughly 
well refined oil — water-white burning oil for instance — 
and distilling it in a glass flask over an Argand burner. 
A few per cents, will distil off* at the start without 
much change being noticeable, but the oil is in reality 
all the time assuming a brown (iolour, whic-h very 
gradually gets darker and darker until, after becoming 
noticeable, it has become a decidedly dark brown ; and 
as the distillation approaches completion the colour is 
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almost or quite black ; and when the distillation ^is 
finished a deposit of carbon will l)c found in the bottom 
of the flask, and perhaps more or less on the sides. 

The cause of coke being formed in the still is due to 
the decomposition of the lower members of the paraffin 
into olefine liydrocarbons, and as olefines contain less 
carl)on than paraffins, it is nc(‘.essary that, when this 
decomposition takes place there should be a rejection 
or d(‘positi()ji of carbon. It is therefore plain that 
every time a hydrocarbon is distilled it causes a de- 
crease ii] the percentage of paraffins and increase in 
the percientnge of olefines ; and for this ri'ason, and 
be(*ause j)araflins are more valuable products than 
oleiiiK's, it is o))vious that a hydrocarbon should not be 
distilled more times than is absolutely nectessary. 

The fact that a distillation brings about the crys- 
talline condition of a paraffin — pi’ovidcd it contains 
solid paraffins — can be well dimionstrated l)y taking 
a quantity of vaseline (which is really a wax in the 
amorphous condition) and distilling it very slowly. 
When the distillathm is finished, it will be found that 
on cooling the distillate there are distinct signs of crys- 
talline formation ; and if this distillate is re-distilled 
two or three times, the crystals will finally be so well 
developed on cooling, that the distillate may be placed 
in a cloth and pressed, so that a cake of wax will remain 
in the cloth after the oil has been expressed. This 
result cou^l not possibly be accomplished by pressing 
the original vaseline. 

In this process of promoting the crystallisable quality 
of the paraffin, decomposition of course takes place, aUd 
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tke higher members of the paraffin group ai*e decom- 
posed to tlie next lower members, or, in other words, 
the higher melting point waxes are reduced to lower ^ 
melting point ones, and therefore every distillation 
lowei's the melting point or chilling point of the oil 
distilled. 

A wax obtained from the heavy or latter end of a 
distillation has very fine close (crystals as compared with 
the wax obtained from a very much lighter or lower 
specific gi'avity oil, and therefore, as the heavier oil 
gives the higher melthig point wax, the higher melting 
wax<%s always have tlu‘. smallest (uystals. 

There is another condition that greatly affects the 
crystalline conditioji of a wax, and that is the method 
adopted in cooling it. If a melted wax, or mixture of 
wax and oil, is suddenly brought in (contact with a cold 
surface, it will at omte congeal and show s('arcely any 
(iiystalliiK^ formation ; wlan’cas, if tlie same wax or 
mixture^, lie allowed to cool very slowly, the crystals 
will be large and well defined. Tin’s is a most im- 
portant point to remember, bc(;ausc in the stage of 
rehning where tlie wax is extracted from the oil, 
great diffi(ailty is often experieiu'ed in pressing and 
making a thoi'ough separation, and this difficulty is 
often due to too quic'k cooling — but, of course, may 
be also partly or wholly due to the need of another dis- 
tillation. 
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CHAPTER IV. 

PKACTICAL. 

In order that the details of the manufacture may be 
more easily followed, it will be as web to first outline 
the course tliat has to be pursued in order to obtain 
the crude oil and by-products. 

Tlie shale as it is received at the mine li cad is loaded 
into side or bottom dumping railway wagons, and is then 
transferred to the retort department along the overhead 
railway track A (Fig. 1). The contents of the wagons 
are then dumped into the shale breaker B, and, after 
passing through the latter and into small trucks, arc 
hauled up the incline C to the level of the top of the 
benches of retorts D, and, thei]* contents having been 
discharged into the retorts, the process of destructive 
distillation commences. The vapours and gases pt'iss 
out of tile retort through the connections E and into 
the mains F and G, which latter conduct them to the 
air condenser H. In the air condenser the separation 
of the gaseous and liejuid products takes place ; the 
latter, which consist of a mixture of emde oil and 
ammonia water, are pumped to their respective storage 
tanks, while the former passes on through the connec- 
tion I to the exhauster house J, and from there is 
forced through K into the (oke tower M, where any 
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volatile oil that it may contain is extracted. The gas, 
thus robbed of its last traces of oil, continues along 
through L and back to the retorts, where it is l)urned as 
fuel in the furnaces. The volatile oil extracjted in. the 
coke tower is dealt with in the apparatus N. 

Having thus shortly outlined the process of destruc- 
tive distillation, we will now proceed to follow the 
process in all its details. 

On account of the shale being in the form of large 
irregular masses, when it arrives at the works, it is 
necessary to reduce its size in order to charge it into 
the retorts. In the early days, when Boghead coal was 
used, a gang of men, supplied with long-handled 
hammers, used to be kept Imsy breaking up the coal to 
the requisite size, but when shale supplanted Boghead 
coal, it was found that even a quadrupli cation of the 
number of men did not enable the supply of l)roken 
shale for the retorts to equal the demand — so difficult was 
the shale to break — and therefore it was found necessary 
to devise some other and cheaper means of doing the 
work. This necessity led to the invention of a mechani- 
cal device, the construction and working of which will 
now be explained. It consists of a large wooden 
hopper B (Fig. 2), constructed of heavy timber, and 
lined on the inside with iron plates securely l)olted to 
the wood. The upper portion of the hopper, and on 
the side on which the shale is received, is built at an 
angle, so as to prevent the shale falling , directly on 
breakers c c, and causing undue strain to the machinery, 
but at the same time the anffle is such that the shale 

O 

ridnnot remain on it, and has to slide down. The 
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breakers are cast-iron discs, provided with coarse teeth 
on their periphery. These dis(ts are about 3 feet in 
diameter and al)out 3 in(thes thick, wliilc their teeth 
are al)out 3 inches long by 1-J- inch wide, by 3 incites 
high, and the centre of tlie disc is cored square to 
fit a shaft with a square cross section of G inches. 
A sufficient number of tliese discs arc placed on two 
shafts to form wind are practically two toothed rollers, 
about 9 feet long, with their teeth running diagonally 
across them. They are placed parallel to each other 



in the hopper, with a tooth ('Icarance of about an inch, 
and are connected by means of heavy gears so as «to 
revolve towai'ds each other and thus draw down the 
shale and crush it as it passes ])etween them to the 
lower hopper D. The lower hopper acts as a reser- 
voir for broken shale, and is closed on the bottom by 
an iron slide actuated by the lever 0. 

As the ^side-dumping wagons A arrive along the 
elevated track N they are dumped into the hopper, 
and the small trucks or ‘‘hutches” E are then filled 
and pushed to th(‘- foot of the inclijic F, where the 
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endless chain G engages in the projection I on each end 
of the truck and hauls it up the incline. The axles of 
the wheels of these trucks are set as close together and 
as near the centre (lengthways) of the truck as possible, 
so that the attendants who charge the retorts can, with 
a slight effort, easily tip the truck and discharge its 
contents, after loosening tlie catch L that holds the 
swinging ends K in place. Each truck is constructed 
so as to hold just suflicient shale to charge one retort. 
When .‘I truck is emptied it is run on to the down 
track of the iiuJinc, and its projections, I, engage in 
the ( udless (hain that is travelling in the direction 
of the' lirealser, and it is by this means prevented from 
“running away.’' The whole of the machinery and 
gearing connected with this part of the work is not 
showni in Fig. 1^, as it would be more or less confusing, 
and it is suhicient to say that the endless chain G is set 
in motion by spro(hct-Avlicels or sheath -pulleys geared 
from the engine that runs the breakers. 

O 


Retorts. 

In the infancy of the trade only two forms of 
retorts w^re in vogue, namely, the horizontal and 
plain vertical. When the late James Young first 
started his oil work at Bathgate, he used ordinary 
D-sliaped horizontal gas retorts, each of which was 
fitted wiJi a screw running lengthways through the 
centre and worked from the back end by “ tooth and 
pinion ” wheels. The coal (Boghead) was fed into the 
retort from a hopper (placed above the front end of the 
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retort) and was carried along by means of the rotating 
screw and discharged into a water lute or trough of 
water at the back end. About two years after Young 
started, he erected three cylindrical cast-iron retorts 
vertically in a fire cliamber that was common to the 
three ; their tops were surmounted by hoppers, while the 
bottoms were sealed by dipping into troughs of water. 
Either Mr. Young or Mr. Meldrum was in constant 
attendance during the first week of the working of 
those vertical retorts, and by the end of the week the 
retorts had proved so satisfactory that Young told 
Meldrum that their fortune was made. The horizontal 
retorts were then almost entirely superseded by the 
vertical retorts, which latter were cylindrical cast-iron 
pipes about 18 inches in diameter by 10 to 11 feet 
high. 

Owing to the tendency of Boghead coal to swell 
and the broken pieces to stick together when heated, 
considerable trouble was experienced in manipulating 
these straight cylindrical retorts, as the spent coal 
would not readily pass downwards, and the lumps 
had to l)e separated and pushed down with iron bars. 
In order to overcome this difficulty, Young had some 
tapered cylindrical retorts cast, and set them in brick- 
work with their larger end downwards and sealed in 
water the same as the former ones. Each retort was 
fitted internally with a helical screw, the shaft of which 
projected upwards and was surmounted by a • gear. A 
main shaft that ran the length of the retort benches 
supplied power to the screw gears and kept the screws 
moving at a very low rate of speed, which was just 
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suf^cient to keep the contents of the retorts in constant 
motion — and that in a downward direction — and prevent 
them from sticking together. This method of construc- 
tion and working proved highly successful, and was 
continued for about eight years, when, owing to the 
introdu(ition of a radical change in the shape of the 
retort, tlie use of the screws was discontinued. The 
erection of a set of screws to work out the shale from 
the water troughs, and thus save labour, had been 
completed, but some experiments in that line showed 
that it did not greatly decrease the manual labour, 
while any saving in labour that was effected was more 
than offset ])y the cost of keeping the machinery in 
repair. 

The change in the shape of the retort that led to 
discontinuing the use of the screws was instituted by 
A. C. Kirk, who constructed a retort with an elliptical 
cross section and very much larger at the bottom than 
the top. The motive for giving the retort an elliptical 
form was to give a larger surface for the fire to play on, 
and less depth of material in the retort for the heat to 
peifbtrate, which conditions were expected to improve 
the yield and (.[uality of the crude oil and reduce the 
amount of fuel used in heating tlie retorts. The 
anticipated results were fully realised, and the elliptical 
shape has been retained in all retort construction since 
then. 

The sifapes and sizes of the horizontal retorts that 
were used by the small works that sprang into existence 
in large numbers in the early days of the trade were 
vetious. If of large dimensions, they were usually cast 
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in two portions, consisting of the bottom and side* in 
one portion, and the top or cover in another. Fig. 3 is 
a cross section of Bell’s patent retort, which was about 
12 feet long l)y 1 foot, and 3 feet high. Cowan’s retort, 
represented in cross section in Fig. 4, was 9 feet long by 
5 feet 6 inches wide, and 1 foot 6 inches high. The (toss 
section of another form of horizontal retort that found 
great favour is shown in Fig. 5. This retort was liiiilt in 



Fig. 3. 


Fig. 5 . 


various sizes, but its average capacity was about 50 cwt. 
One furnace usually supplied heat for tliree horizontal 
retorts which were set over the fire, as shown in Fig. 6. 
The charges of shale or coal placed in the horizontal 
retorts usu/illy weighed from 5 to 8 cwt, bulf, as above 
mentioned, some of the retorts had a capacity of 50 cwt. 
and over. 

The value of the two forms of retorts (i.e. verti&l 
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and horizontal) as regards their respective yields of crude 
oil and cost of production of the same, together with the 



Fig. 6. 


yield of refined products, will now be looked at, and the 
reason why the vertical eventually entirely superseded 
thii horizontal retort will then be easily seen. 
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Table VIII. shows the yields of crude oil frc«n a 
ton of shale, and the figures are the average of a large 
number of determinations made on the working scale. 


Table VIIL 


Crude Oil per Ton of Shale. 


Itatio of Yield of 

Horizontal. 

Vertical. 

Crude Oil. 

• 

Gallons. 

Sp. Gr. 

Gallons. 

Sp.Gr. ' 

Horizontal. 

Vertical. 

34-20 

•870 

1 1 

39-79 

•890 . 

100 

116-34 


The cost of distilling a ton of shale in tlie horizon- 
tal and vertical retorts was respectively, 157 ’38d and 
157*56rf. ; and therefore the cost per gallon of the re- 
spective crude oils was : — 

Horizontal . 157*38 -f- 2 = 4'60ri. 

Vertical . . 1 57*56 -r* 39*79 = 3*96^ 

or 0 * 64rf. per gallon in favour of the vertical retorts. 

In proceeding to consider the marketable products 
derived from the above two crude oils it will be advis- 
able to compare the horizontal crude ” with the vertical 
“ once run oil,” because the vertical crude had to receive 
a distillation before its acid and soda treatments, which 
the horizontal crude did not have to. The cost of this 
distillatioi\ was 0 * 5c?. per gallon, and as the loss due to 
distillation was 8 per cent., the 39*79 gallons of vertical 
crude equalled 36*61 gallons of ‘‘once run oil,” making 
a total cost of 4* 46c/. per gallon. 
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J'able IX. shows the yields of finished products calcu- 
lated on the above basis. 


Table IX. 


Horizontal. 

Vertical. 

Product. 

» 

Yield. 

Yield. 

Gallons. 

Per cent, by 
Volumo on 
Crude. 

I Gallons. 

Per cent, by 
Volume on Onco 
Kun Oil. 

Naplitlia . 

, 

0-855 

2-50 

0-363 

0-99 

Burning oil 


15*903 

46-50 

14-831 

40-51 

Crude scale 


1-U58 

5-71 1 

3-108 

8-49 

Lubricating oil 

• 

3-dOl 

10-12 

3-822 

10-44 

Total 


22-172 

64-83 

22-124 

60-43 


The above yields of products figured at the market 
values of those days realised the following amounts : — 



HorizontaL 

Vertical. 


d. 

d. 

Naphtha 

10-046 • . 

4-265 

Burning oil . 

272-498 

. 254-129 

Crude scale . 

63-277 

. 110-699 

Lubricating oil 

51-915 

57-330 

Total 

397-736 

. 426-423 


v/e obtained 34*2 gallons of horizontal 


“ crude 
6rf. per 


oil from* a ton of shale at a cost of 4 
gallon = I57*38rf. ; and 36*Gl gallons of vertical 
‘'once run oil from a ton of shale at a cost of 4*46(i, 
per gallon = 163*64Gd If we deduct these costs fronj 
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the above values of finished products, we have': — 
397 ■ 730 — 157 ■ 38 = 240 • 356J. for liorizontal products ; 
426 • 423 — 1 03 • 040 = 202 • 777d. for vertical products ; 
which shows an increase in value of products from a 
ton of shale of 22'421d. in favour of tlic vertical retorts. 

By referring back to Table IX. it will lie seen that 
the horizontal retorts produce more naphtha and burn- 
ing oils, l)ut^ only five-eighths the amount of (Tude scale 
that the vertical retorts give ; and those figuj-cs, taken 
in connection with the fact that the horizontal crude oil 
does not need a distillation before it is treated, vo to 
prove that the oil vapours arc decomposed in the hori- 
zontal retorts, or are broken up into lighter and less 
valuable products than the vertical retorts yield. 

Another important fcatni'c in favour of the vertical 
retorts was, that if the current of steam passing through 
the retort was regularly kept up, great uniformity of 
produc;tion wars the result, and the (|uality of the oil 
was not greatly at the mercy of the tireman. On the 
other hand, if the horizontal retoits wen*, not very care- 
fully attended to, tlie yield of crude oil was liable to 
be greatly decreased, and its quality was always at ‘the 
mercy of the fireman. 

It being obvious that horizoidal rctort;s ai-e ujisuited 
for the production of crude oil, we will not discuss them 
any further, but will turn our attenion to the develop- 
ment of the vertical retort. 

The vertical retorts in which the experiments to 
determine the respective merits of horizontal and ver- 
tical retorts were made were of the “ Kirk ” type, and 
their construction is shown in front sectional elevation 
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in fig. 7, and in side elevation in Fig. 8. Eeferring 
to tlie.se two figures, A, the body of the retort, is 
provided with a hopper B; the hopper is composed 
of four separate castings whicli are, the funnel-shaped 
piece (1, the short cylindrical piece D, and another 
fuuncl-sliapcd piece E, clo.scd by the bell-valve F. 
To the fiangc at the bottom of the retort body is 
bolted a short casting (f, that continues down under 



the surfiice of water contained in the trough H. The 
products of distillation passed out through the connec- 
tion I and into the vapour main J. The shale to be 
charged into the retorts was brought in “hutches" 
along the elevated track K, and dumped on to the iron 
platform L. One furnace, 0, supplied heat for six re- 
torts — three on each side. 

^ After the furnace fires had been started and the heat 
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of the retorts had reached an incipient red, the Bell- 
valve F was lowered by the lever M (after the catch 
N had been loosened), and then the shale lying on the 
platform L was sliovelJed into the retorts ; when the 
latter were filled the lever j\'l was raised, the (‘-at('h N 
replaced, and the joint between the bell-valve and upper 
hopper E was made gas and vapour tight by means of 
a little moist clay. When sixteen or seventeen hours 
had elapsed since the first charging of a new set of 
retorts, the shale was sufficiently spent,” or exhausted 
of volatile matter, to allow of the periodical charging 
and discharging to be commenced. Therefore, after, 
say, sixteen hours, a small portion of the spent shale 
was raked out from the water trough (‘.very half hour, 
and the quantity thus removed was regulated so that 
at the end of three hours it e(]ualled the quantity of 
shale to be (ffiarged into the retort. Tbe removal of the 
spent shale from the water trough allowed a (iorrespond- 
ing quantity of shale to fall from the retort and fill its 
place, and at the end of every third hour tliere was 
sufficient room in the top of the retort to acicommodate 
the 4 cwt. of fresh shale that (*.onstituted the change. 
As the capacity of the retorts were from 20 to 22 cwt. 
it therefore took from fifteen to sixteen hours for the 
shale to travel from the top to the bottom of the retorts. 

The heat from the furnace was first conducted 
around the lower third of the retorts, and then passed 
through pigeon-holed brickwork up around the middle 
third, and then through another set of pigeon-holes to 
fihe upper third, and from thence through a flue to the 
chimney. There was, therefore, a gradual increase* in 
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thetheat of tlie retort in a downward direction, and 
the shale entering the top liad ample time to have its 
volatile matter distilled off before it was subjected to 
the higher heat of the lower portion of the retort, at 
whicl) latter point a large amount of the ammonia was 
produced. As all the {)roduct.s of distillation were re- 
moved from the retort at a point near the top, and as 
nearly ^all the volatile matter was distilled from the 
shale before the latter reached the hottest part of 
the retort, it would appear that there Wiis not much 
probability of undue decomposition of the oil vapours 
taking place. However, it was thought that the intro- 
duction of a small quantity of superheated steam at a 
point nc'ar the bottom of the retort might possibly aid 
the distillation and improve the (|uality of crude oil, 
and the results of experiments in this direction were 
(much to the surprise of the instigators) an increase of 
nearly lilty per cent, in the yield of crude oil. Ever 
since those experiments were made (in the year 1860) 
the distillation of shale has always been conducted with 
the aid of steam —if upright retorts were used. Steam 
in i horizontal retort re.sulted in no benefit, as it simply 
passed along over the mrface of the shale. 

The water trough H— which always had to be kept 
well filled with water— be.sides acting as a seal or lute 
to prevent the escape of oil vapours or gas, also quenched 
the hot spent shale as it fell into it, and when the shale 
was removed from the trough there was no .danger of 
its setting fire to anything, and could therefore be 
loaded without further manipulation on to railway 
Wagons and taken to the spent or waste shale bank. 
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These spent sluile l)anks are monuments to the G^ood old 
days gone by, and can he seen in all directions in the 
shale districts, and some of them reacdi quite extensive 
proportions, ludng nearly one-tliird mile long hy three 
or four liundr(‘d yards wide and eighty to one hundred 
feet high. 

The amount, of coal ne(*essa-ry to heat tlie vertical 
retorts was 5 cwt. per ton of shale distilled. The 
average life of the rcitorts was about foui‘ and a half 
y('ars, but even at the end of that lime only the bottom 
third — wliei’e the tire had the most dii*oct play — was 
seriously distorted and craciked, ami the resc was usually 
in perfectly sound condition. To obviate the rephuung 
of the whole of the retort, John (kdhdly suggested 
having it cast in two portions, so that that part which 
was most liable to be distorted by the heat could be 
easily rc 2 )hiced at a c.ompaj-atively small cost. .1 lowever, 
the suggestion was never put irito practical use, and 
eventually this form of retort was su})erseded by others. 

The first advaiu'cs made towards improving the dis- 
tillation of shale were : — 

1. The adoption of a vertical retoi't. “ 

2. The construction of a vertical retort with an 
elliptical cross section. 

3. The introduction of steam amongst the distilling 
shale. 

It is not intended to refer at present to the forms 
of retorts# that have only been in use hn limited 
numbers, and our attention will rather be (‘nnfined, 
with one exception, to the consideration of the forms 
that may be said to have been of really commercial 
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importance. This exception is the McBeath retort, 
which was in operation at the Bellscjuarry oil work 
about the year 18G7, and is sliown in section in Fig. 9. 

A is the retort propc'r, hung up in the bri(‘kwork B 
by the Jugs a. The uppei* ca.sting a} was provided with 
an outlet pipe (7 and an opening F into whic-li tlie hop- 
per iitted. iV was supplied with a steam injector //, 
whi('h, aided ])y tlje fan l)lower K, caused a constant cur- 
rent of vapours to pass along thi'ough G“ to the main H 
leading to the condenser, and in that way helped to 
exliaust Uic retort of tJje oil vapours as soon as they 
were forin(*d. The I'etort was oj)erated by filling it 
with shale througn the h()])])er then lighting 

coaJ lir(‘,s on the portion of the gratc-l)a]'s I near the 
Jui*na.(^e doors d. After the re(pusite heat had been 
attained, and the distillation liad (iommeiK'-ed, small 
])oitions of the spcnit shale were raked out from under 
the lower extremity G of the retort, and allowed to burn 
on the bars where (he (‘oal hre was started, and the 
produc'ts r>f combustion surrounded the retort in their 
])assaoe through the oven C' to the flue C" leading to 
tlM (diiimuy. The air supplied foj- the comlmstion of 
the sj)ent shale was admitted through the perforated 
iron boxes d\ which wei*e secured to the furnace doors 
d. Tin. burnt shale dropped through the grate-bars 
into the ashpit E, and some were also occasionally re- 
moved through the furnac'e doors. This retort being 
crrcuhy rn*shai)e and large in diameter was a backward 
step rri economical retorting, but the principle of its 
working eml)odicd the principles ol which the Hender- 
son retort and the coal or heating retort of Young and 
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Beilby's nhale retorts were later eonstriK^teJ. As m,ust 
be apparent, WcBeath s idea was to distil tJie sliale l)y 



means of the heat derived from the coml)ustion of the 
carbon left in the sj)ent shale. He saw that in order 
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to^icminplisli tlii.s wiili hU apparatus, there was a pro- 
luilulii V tlinl (lie prodiK'ts ot disi illation would bt'. drawn 
downwards by (lie dra,UL!;ht of (he ('liiiniK'v ;ind be 
eonsuined in the fiirna(a‘, a,nd llu‘ref(m‘ lie introduced 
the .sleajii inj(U'tor and fan blower with a view to 
('ounter;ietin^‘ (his draughl.. Ivnowinii; that too oreat 
a Sind, ion on fh(‘, \aj)our ])ipe would bi' as <l(‘triinental 
to (Jie yield as an uneonnt(u*a('t(‘d draiiodit, towards the 
chiiuiH'y, hy ('ausint^^ the fin', to be drawn uj) into the 
I'etorl, li(^ had the vapoui* pip(‘ (J ('ast. wil.li an ojxui- 
iiiir (HI the (op Avhh'h iiLted an iron The 

pei’iod'jf'al removal of this pluL» and introduetion in its 
phu-e ol a watiu* ,uani;e showed how tin* suetion there 
('oni])ar<'d with tin* known drauui;ht of th(‘ (diimm'V, and 
il there was any ditlenmec' it w'as easily ('orreitted by 
means o[ (‘ither the injeidor or blower. 

Ilavinii; noted this sjieeial step tow’ards (‘conomy in 
shall' disiillat ion, wa* will now' look at the construetion 
and wanhiiii;' of the' “ 1 buiderson ” retort., wliieh type 
eijjoyial a full share of jiatronaoe for manv yi'ars. 

-I hi' [)rin('ij>al features of the, Henderson retort arc 
tfee iiLilisation o[ the earbon in the sj>ent shale and the 
i^as ](‘snltin^’ from the distillation as fuel, and, also, the 
ado])tion ol a, dowmwai'd distillation. As the natural 
tendeiK'-y of oil vajiours is to rise, it wars considered that 
makini;’ them travel in a direction contrary to their 
natural one by driving them downiwairds through the 
shale contained iji the retort-- would have jhe effect of 
partially purifying them and giving a, blitter quality 
crude oil ; how far this theory was correct w'ill be shown 
shortly. (See p. 80.) 
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The retorts A, Fig. 10, were made of cast iron Writli 
an elliptical cross section, and were placed in a vertical 
position in an oven B that was common to four of them. 

Tlic oven w;!K heated 



j,) the two furnaces — 

sup]:)]ying the fuel 
through th^. furnai^e doors G— and when the retorts 
had attained the j)roper heat, one of them was filled with 
shale by removing the cast-iron cover H of tlie hopper 1. 
After the lapse of four hours, another — of the set of fonr 
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retqrts — diagonally opposite to the first * was charged, 
and so on until the four retorts were filled, and every 
five hours thon^after one of the set was emptied and re- 
charged in the order in wliic'li it was filled. In that 
way the shale remained sixteen hours in tlie i*etort 
hefore the tinn' foi* recharging tha,t retort came round 
again, and after that, time had expired a tool K, ('.ailed 
‘‘ the rnonlvcy,” vvaspla('(‘d so that its sliort armengag(^d 
in th(i plate L that closed tlie bottom (rf the retort, and, 
wliile b(ung lu'ld in this ])osition by an upward hand- 
pix'ssiire on its long arm, th(‘ iron W(‘dg(\s that liold the 
plate* iu place were loosen(‘d and ixunovcxl, and then, by 
lowering the long aim of the monkey, the j)lat(*. was 
carri(*d over to tin* position shown on tin* left-hand side 
ol Fig. 10. Jlut iiefore the jdate was thus lowered, the 
ujipeu' furmu'f* door M was pla('(Ml under control by 
mea,ns oi a long-handl(*d hook, and as tJie plate* was 
being reiiKwcd from its ])la('(* 
it was ('losely followed by Ihe 
door iAL, which latter, in its 
new position, ac'.te'd as a guide 
for the shah*, desc'ending from 
the relKirt to the furnace below. 

Supposing that (l) in 
fig. li was the retort just 
rec^harged, then the time for 
recharging (;]) would be eight 
hours Liter, and as the retort could not be .ilischargcd 
until the furnace below it was emptied, it follows that 
the spent shale from a retort acted as iuel for a space 
* See plan of the retorts, Fig. 11. 
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of ciglit hours. In order to eni])ty the furuaec^* an 
iron truck N, called a “ hutcdi,” was run under it, and 
then tlic long arm of the gra,ting Owas pulled down and 
the burnt shale allowed to fall into tlie Imtch. After 
the furna('e had been thus emptied, the grating was 
('arricd l)a.(ik to its formej- position by the counter- 
balance weiglit r. 

The products of distillation left the retoj't, through 
th(^ connection Q, and after the gas had been freed from 
oil, i^c., it was returned through the ])ipe R and 1 aimed 
in tli(^ furnac'C for fuel. 

These retorts elieeted a great saving in labour over 
the old foi'iu of vertical retorts. Jn tlu‘ first place, 
instead of dumping the shale on a platform, and then 
shovelling it by hand into the retorts, the latter were 
so (ionstruct-ed that a set of rails could be ptaananently 
laid over the to]) of them, and hutvh(‘s containing the 
shale travelled along these rails and simply had to be 
ti])ped over an open intoi't in order to diarge tln^ latter. 
The disdiarging of the furmu:e was ecjually expeditious, 
and thc3 hutch full of burned shale was remoxaul by an 
endless (Iniin and required but litth‘. manual lakour. • 

Ten men were able to put through 05 tons of shale 
with the Henderson retorts, while the vsamc amount of 
shale required 14*5 men with the old vertical retorts; 
or a])out two mcm for the former, for three for the latter. 

The coal required for working t he Henderson re- 
torts was# about 2*5 cwt. per ton of shafc distilled, 
and of this about 1*5 cwt. was used in the retort fire 
chamber and the other 1 cwt. in raising the steam 
(in the boilers) used in the retorts and driving the 
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m^'hinery in connection tlicrcwitli. Therefore, the 
amount of coal necessary to run tlie Henderson was 
only a1)out one-half that needed for the old verth'al 
retorts, and Avas due to the use as fuel of the i,uis given 
off during the distillation ; and it was also supposed to 
be largely diu' to the utilisation as fuel of the ('arl)on 
left in the spent shale. (.)f course the spent shale from 
the old verti(‘al retorts could not be used as fuel, owing 
to it haviimbeen drawn through the water trough at the 
bottom of the ndorts and rendered too wet to burn ; 
but even the utilisation of the spent sh.ale from the 
ilendirson retorts as a healing medium was certainly, 
in the manner in whic'.h it was done, a backwai'd step in 
economy rather than otherwise. As shown in Fig. 10, 
the gas for combustion was distributed in the furnace 
close to the bottom, and had to burn its way upwards 
tJirough the shale. It is (juite evident that here was a 
weak ])oint in the heating arrangements, because the 
spent shale when dropped from the I’etort was ('ompara- 
tively cold, that is, it was not above a black heat, and 
therefore it re(]uired a large amount of the heat evolved 
by the combustion of the gas before it imparted any 
heat jtself to the retorts. It is therefore a])parent that 
if the gas was led into the furnace at a point above the 
spent shale, the whole of the heat that had becji rerpiired 
for heating the spent shale to combustion point would 
be saved and utilised for heating the retorts, while, at 
the same ‘time, the spent shale lying in iJie furnace 
would impart (considerable heat to the air, necessary 
for the combustion of the gas, as it passed up through 
itf The author examined the gas burned under the 
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retorts wiili a view to detc'niiinini;’ wlietliei' its ealoi'ific 
powei' was suiiieieut to iiaiiiitain the reipiired lieat for 
the j'etorts if lUilised in tlie inauiiei' just referred to. 
Tlie results of a larger luimher of d(‘termiuations proved 
eoiielns]A’(‘]y that the ealoritic*. power of tlie wliole of 
tlie <*as from one retort was a good deal more t han suffi- 
cient lo maintain a, distilling heat on lhal retort for 
the ]‘i‘<juired pejiod of sixleen to s(‘venteen luairs, l)ut 
as tlie ]*etorts are not tomdied, as r(‘gards ehaigiiig, from 
Saturday afternoon until Sunday aJ‘teriioon, tlie shale 
has liy tliat lime ('eas(‘(l to giv(‘ oil" gas, and lljei’eforc 
coal Avould r(‘(juir(‘ to la* lairned in the fuiaiaiH's for 
about lw(‘lve hours, starling at midday Sunday. By 
adopt i]ig lliis method of laii'iiing tlie gas, iJie ('oal 
cousunK'd ill tlie ]H‘tort fui‘na(a‘s ('ould he reduced to 
O'f) ('^\t. per ton of shale distilled. 

Th(- om* ohjectiojiahie feature in the e-onstruet ion of 
th('S(‘ ]*etorts vas tlie ('onstaut emitting of no.xious gases 
from th(‘- short ('himnexs, llms seriously ])o]|utiiig tlie 
atmosplnu’c'. in wliic-h the ri‘tort attiaidants had to work. 
At some of t]i(‘ works, these shoi't chimneys were eon- 
nei'ied into a tine common t^ tlKun all, jiassing ahftig 
tlie side of the I’etort biun'li and leading to a tall brii'k 
chimney. TIktc is one thing in fax our and one against 
this latter method of disposing of the noxious gases, 
and, looking at it in a favourable light, it is at once 
apparent that it rids the atmosphere in the immediate 
neighbourhood of the retorts of the sulplfurous and 
carbonic acid gasi^s, and thei-efore makes it h('althicr for 
the men emjdoyed at the retorts ; but, looking at it in 
the other light, we see that the purpose for which the 
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shcj't ('In'iniioys w(‘i‘ 0 - iiioniit — to prevent ovcrlieatiiiii^ l)y 
having' too gnail a draiiglil — was jmK'tieally frustrated, 
hecause tlie drauglit of a tail stac'k is far more liable to 
N’ariations than tliat of a, sliort one, owing to its high 
altitude, and ne('(‘ssitates I he cmploynient of extra 
attiMidants to watdi th(‘ lusal and regulate the dampers. 


Tajjlk X. 


TToiir iiflcr 


Hourly Vi(‘l(l ofOrudo Oil 
ill (ialloiiti. 


lloiJily Vu'ld of Airimoiiia 
((‘\i)r(‘t!hcd us Sulpliutc) 
ill ll»s. 


No. 1 Siialo. No. 2 Sliidc No. 1 Sliulo, No. 2 Sliulo. 


Isl 

.Nil 

(I'ln:; 

J-OJO 

, 2-ia7 

L’lld 

0'!)d 

I -.-nn 

2-811 

1-111 

Srd 

1 -s:) 

1 - as; 

o-ncd 

0-701 

dill 

‘J-C,'.) 

:n2i)o 

o-iin 

0-420 

nth 

;M(i 

.‘Mild 

o-aao 

o-a4a 

dill 

a- no 

:i-7()d 

0-4dl 

oont 

Till 

t-ud 

:{•:>(}() 

o-nin 

o-ni7 

Sth 

:2-sj 

2-7.no 


o-daa 

hill 

L>*i2n 

2-oao 

0-080 

O-dOl 

lOfcli 


i-2r,o 

o-oa2 

0-52.7 

nth 

MM 

1 -250 

0-.n72 

. 0-750 

1:2th 

\-22 

' 0-noo 

o-r>8d 

0-712 

Idth 

0-8d 

; o-ann 

0-4d2 

i 0-5d0 

Jdth 

Nil 

Nil 

0-adj 

0-528 

inth 

I 

Nil 

o-4or, 

0-148 

idth 

! Nil 

Nil 

0-a87 i 

0-41G 

17th 

1 Nil 

: i 

0-id.n 


Total 

r 

i “ 1 

'i 27 -aa I 

■i 1 

2G-r>82 

M-74G 

11-220 
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The shale charged into a Henderson retort weighed 
17 cwt., and by referring to Table X. we can follow the 
progress of tlu^ distillation of that weight of shale from 
the start to the finish. 

V7q see by this last table tha.t the shale yields up 
all its oil by llie end of the thirteenth hour, ajid that the 
furth(T eontiiiucd ]-etorting lesults in tin* prodiu'-tion of 
ainrnonia only. As stated some pages bark, the whole 
of the ammonia, is not obtained from the shnJo until 
the carl)on in the latter has been (‘iitirel}' (‘liiniiuited, 
and therefoi'e the shale in a. Ibmdersoii woidd continue 
giving oil* a small (juantity of ammonia for some days, 
be('ause the heat is not sufti(*i(‘nt to eliminate the 
nitrogem (that forms the ammonia,) rapid!}' t-nough to 
exhaust tin* supply a,ny sooner. Tlie value of the 
ammojiia obtained by (‘ontinuing the jvtorting after 
sixteen hours have elapsed, is small as eonij)ared with 
the extra (-ost and outlay of a])paratus that would be 
ne('essary, and therefore it is eh<!ap(‘r to eonumt oneself 
with a smaller yield of ammonia, and confine the shale 
in the n'tort for oidy sixteen hours. 

The life of the Ilendei’son retorts of ('ourse largTdiy 
depends upon the usage they get, and the ])raetice of 
some companies of working their retorts by ('ontract 
cannot be too strongly condemned. The man who has 
the contract, being paid according to the yield, increases 
the heat on the retorts (as soon a,s tJic oil has distilled 
off) in ori^er to obtain as large a yield of ammonia as 
possible, and by so doing he greatly shortens the life of 
the retorts, and cases are known where they have only 
lasted for three years where the work has been done 
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l)y 'contmct. On llie other Inind, retorts tluit have 
received ('areful handling liavc been known to be in as 
good (condition aftei- five years constant use as when 
first erected. 

A (comparison of the yields, &(i., of tlie prod iicis from 
the old A (‘i‘ti(cal and Jlendcj-son retorts will here be of 
interest, and is shown in Table XL 

• 'J'able XI. 

IIciKlerson. 1 1 -ft ml Vertical. l.Vl'otit Verlical. 

Crude Oil. Cnule Oil. ' ' Criulo Oil. [ 

; libs. I _ I lil'H. ! Lbs. 


(Sv. 

‘ “ 1 Sulph. 

! Ariiniuii. 

Gi'llons.| 

Sp. 

(Jruv. 

Siiljib. 

Aniiiiou. Sp. 
(bilious. C3rav. 

1 Sulph. 
Ammon. 

(Jalloiis 

S72 

! 

; J8-07 

874 

20- 02 ](;-21,' 877 

27-17 18-Dl 


, lO-aii 

870 

22-70 lD-20i| 87:i 

21-80 ' 15-81 

SOD 


87D 

21-10 87-80 ij 877 

27-00 ' 1D-;10 

S07 

r.-n;! 

881 

2;!-]4 ’10-12 ,1 870 

20 -70 20-44 

S0!1 

20-81 8-40 1 

870 

22 -CO 20-21 ’ 875 

21-52 17-7)0 

s70 

20.88 :io-:U 

88.1 

21-50 ' 2 : 1-201 875 

24-00 18-10 

874 

22-41 : 12-81 : 

881 I 

2 ;! -40 20-071 872 I 

20-21 12-30 


21-84 lO-ODj 

i2l-7-l 21-88,1 877 

20-71 ' 22-54 

870 

2;;-57|ii-oo i. 

880 

21-07 18-10' 875 

27-01 ; 10-18 

j 

Aver. 

ii 

22-47 1 10-81 I 


22-47 10 - 04 !’ .. 

i 

j 25-00 1 17 -Dl 


The shales used in obtaining the above tabulated 
results were charged into the retorts, so that both the 
Henderson and vertical retceived practically the same 
shale in each test, and we therefore see that while tlie 
Hepderson gave the same average yield of oil as the 
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11 -foot vcrti(‘a] retoii, it gave only a1)out oiie-lialf the 
yield of {minionia. Also, an iiu-rease in height of 4 feet 
in the vertical retorts, while henelieial lo tli(‘ yield of 
oil, seemed to he disadvantageous for the j)rodu('tion of 
ammonia. These ligures a])])ear to lx* decadtHlIy in 
faAmiir of tlie regidar 11-foot vei-tie.al retorts, when we 
(‘onsidi'i* that, sidjdiate of ammonia is on(* of tlie most 
valiial)l(‘ prodiu'ts ; hut we shall s(‘e that the use ot the 
Heiidei'son i]i |)la(*e of th(‘ vertical retorts yi(‘iris larger 
pi'otits. Ihuiderson (daimed that his ndorl gave a purer 
oil and tluuvfore largiu' yield of finished ])rodu(‘ts, and 
by turning to Table Xll. we se(* that- that elaun was a 
decidedly corre('t one. 

Table XII. 


rrodnct.h. 


Crude Oil. | Criuk' Oil. 

I ! ( ' 

Verlk'Jil. 1 Tleiitierson. Vertical. 1 JIindir.sOTi, 


Naphtha . . . | 

Nil 

1 1-50 I 

i 11 -lu; '' 

.V(l() ' 

1 r,-oo 

Burning oils . . | 

•11 -ir) 


:ars:i 

Intermediate oil . 

1ml) 

! i-r.l ' 

Iron 

1 :)*oo 

Crude scale. . . | 

11 Mil 


o*2(; 

! 10 • 4 "- 

j 

Lubricating oil . 

j 

1 


1.r40 

i7-2f; 

Total per cent. 

7i-:ji 

77-ti'2 i: 

1 


72 -57 


Not only did both the above comparative results 
from two kinds of shale* show an increased total yield 
of finished jiroducts, but there was also a large increase 

* The yields of crude oil from both the Ilcndersou and vertical 
retorts wore practically the same. 
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in tie percentage of crude scale in the Henderson crude 
oil over tlic vcrtic'aJ, and tliis was a most important 
point in favoui* of tlic former. 

A sLoi’t summary of the foregoing facts shows : — 

1. That the llendersoji retorts rc(|uired only one- 
half the fuel that the vertical needed. 

2. Tliat the ITcndcrson retorts rerpjired only two- 
tliiids of^thc hihour that the vortical required. 

o. That the ILmderson gave only one-half the yield 
of ammonia, tliat the vertical! rctorls crave. 

o 

4. Tliat the }deld of crude was practically the same 
from both re tofts. 

5. That the yic'ld of finished jiroducts was 3 percent, 
larger from the Henderson than from the vertical crude 
oil. 

G. That the yhdd of crude scale was 1*3 per cent, 
larger from the Ilcjiderson than from the verticaal crude 
oil. 

Taking all the above facts under consideration, we 
find ihat, from a “ profit point of view, there is a 
de(dd(a] balance in favour of the Henderson retorts. 

•The next retort that came into prominent notice 
was lleilby’s, and its general construction can be followed 
by referring to Fig. 12, in whicdi the side elevation 
of two I'otofts is shown. The (Faraber B, surmounted 
by the hopper A, was (ximmon to four of the cast-iron 
retorts B\ and the lower ends of the latter were jointed 
to the fire-(day cylinders C and I), while the lower end 
of D was jointed to a short cylindrical iron casting E, 
which continued down below the surface of water con- 
taii^Cvi in the trough F. The retorts were heated by 
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means of a. furnace*, not shown in the illustration, tand 

tlic furiiaa', fires first passed into llu* ('liaiiiln'r (.1 and 

then up into the inteTinediate ('haniher IJ, from whh'h 

they escaped to the ehiinney. The u])])er clniniher I 

was iK'ated jrirtly hj 

r.'idiation Iroin tin*- one 

nI3n 1>elow, ami partly hy 

I ^ ’ Imi’iiino; snllieient jjjas 

I in it to imiintain the 

‘'np[)(T” iviort LV at 

an im'ipimjt re'd lu'at. 

/ , , \ .cv Tin* products ol’ distil- 

^ ^ ^ ^ 13 lation passed awav to 

main L tlnouy i the 

i coniRH'tion K. 

^ 111 workliiy' tln‘S(‘ re- 

7 :: :2g ©^:j rrT ©" 1 r Jsr.zs> , 

t „ . // — I toj'ts iJie tiri‘-('lay ])oi‘tion 

L. 1 , I ,J 

pp^^T^rir was at a hiiylit red heat 

and llie iron ]>(>rtion at 
^ a, low red or almost 

1 hlack heat. The shale 

(h'jn'ived of its 

/~L IT— ' F — volatile matter in the 

P" retort, and when it 

^ passed down into the 

Srahtnwt^ ^ 

^ I 't highly heated clay re- 

tort the greatest j^ortion 
of its nftrogen was tliere eliminated. Of (*x>urse the 
dropping of the shale from one portion of the retort 
to the other was done progressively, and in much the 
same manner as in working the old vertical retorts, t 
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3y the use of the Beilliy retoi't the oil wag distilled 
from the shale nt a low heat, and the most of the 
amniouia was lU'odiic.ed liy suhjectiiig tlie spent sliale 
to a very high lieat, and llms the conditions required 
for the conjoint prodin^tion of juaxiinum yields of Iioth 
oil and ammonia, weiv to a laigo extent olhained. 
Jlowevei', the adojition of these retorts wa,s nearly tlie 
ruin oj some of tlie oil eouipanies. The fire-clay 
portions not heing cajiahle of withstanding tlie sudden 
altiM'atioii o{ t'Cmperatiire caused hy a comparatively 
cool shale, from tla'iron retort, hoing hrought in con- 
tact. with their highly heatcal siirlaces, resulti'd in their 
never heing long at work hefore they cracked, and, as 
•soon as that happened, the furnace fire was not long in 
finding its way info fln^ j-et.oj-t and causing explosions. 
This form of retort, themfore, could nut, he called a 
“workimr” siuvess, ami, as it could not he worked 
economically as regards lahoiir, it wejit entirely out of 
use ahout, the year IHS;!. Th<‘ avei'ageyiehl of products 
from rlu^ Beilhy retorts a.s compared with the Jlendcnson 
and old vertical was lowm- as regards crude oil, hut very 
thuch high(‘r as regards ammonia, as will he seen by 
looking at 'fahle XI 11. 


Table Xflt. 


Product. 



Yield from 


Vortical 

Heudenson | 


Kotttrts. 

IJctorts. 1 

Crude oil (per ton) 

23-49 gals. 

23-27 gals. 

fcMilpbate of animonia) 
(per ton) . ( 

\ 

20-97 lbs. 

1 

11 -37 lbs. 


B<.ill>y 

lietorts. 


21*05 gals, 
no *30 lbs. 
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Talile XIV. shows how the yield of finislieJ prodiieds 
from the Beilhy (M'ude oil eompan'd with the otlier two, 
and from it we Si*.e that the results are very mueh in 
favour of tlie formci*, which, althou<;h giviiiijj one per 
cent, less total finished products, gave nearly per 
cent. nior(i (trude scale than the Tleiiderson crude gave. 


Table XIV. 


FiiiisliC'cl Product. 

Vortical 

Oriido. 

Ho7i(l<‘rsou 

Oriulo. 

lioilby 

Criiile. 

Naphtha .... 

.'i-oo 

r.-oo 

2-00 

Burning oil . . . 

83-80 

8G-83 

38 -so 

Intermediate oil 

G-OO 

8-00 

5-00 

Crude scale 

0-2G 

10-48 

12-04 

Lubricating oil . 

15-40 

17-2G 

17-8G 

Total per cent. 

08 -OG 

72-57 

71 -IG 


While Ilendcj’son and Beilhy were designing retorts, 
William Young was also working in {he same direction, 
and produced a retort that was (Muistriuged on veiy 
much the same princi])le as Beilhy s, only tliat it was 
made of cast iron throughout. The lower casting that 
was subjected to the high heat was soon lairned through 
and rendered us(dess, and the retorts, therefore, were 
never used except cx])erim('ntally. 

Seeing ugood points in ea(Ji other's retorts, Young 
and Beilhy put their heads together and conjointly pro- 
duced a retort^ that has practically superseded all other 


Often called the Pentland retort. 
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fotas. Tlie front elevation of these retorts is shown 
in Fig. 18, while Fig. 14 is a side elevation of the 
shale retorts, and Fig. 15 a side elevation of the coal 
retort ajid steam superheater. The distilling chamber 
A (Figs. 13 and 14), which is made of cast iron, is 
commoJi to four oil retorts B, which latter are also made 



of cast iron and ai'c jointed at tluiir lower ends to the 
ammonia retorts whh'F latter are built of fire-brick. 

It is ('laimed by the paten t(‘cs, that by using this 
composite form of retort the crude oil receives a partial 
purification in the distilling chamber A, which renders 
tlfe first, or crude oil distillation, unnecessary, and thus 
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effects a lai\e;e saving in cost of reffning. Tins partfial 
purification is said to 1)0 effected tlius : — 

“The, sn])erlicated steam, gases and ammonia pass 
from the liiglidu'ated retort uj) through the shale or low- 
heated rctoi't, assisting in th(‘ destriK'tive distillation 
and the elimination of the oil in the form of vapour. 
The whole of thc^ ('omhined oil, water vapour, gas and 
ammonia ])ass up through th(‘ (',old shale in the cjiamher 
above, causing the (umdensalioii of the oil vapoui's, and 
at the sam(‘ time heating th(‘ shale. This ('ondensation 
continues so long as th(‘ temperature of the shah', 
remains sufiici('ntly low, and th(‘ shah' being ('ovei’ed 
with the oil vapours, entangh'S all mecha,ni('al iin- 
])urit-ies \vhi('h would Ih' ('aridcd forward with lh(' oil. 
As the temp(‘i'a,tur(' (d the shah', in tlu' chamb(T 
gj'adually iiK'reasc's l>y the continuous liow of the 
lu'ated gas('s and Aapoin’s ilu'oug.h it, tin* jno]‘e \olatile 
of the previously eondens(‘d oils jevolatilis(‘, and as the 
tc'inperatuj'e go('S(m iiK'ii'asing, tin' h'.^s and less volatile 
of tlu'se oils are evaporated, until by the time tlie 
distillation of tin' shale in the lowdieated ret,oi*t is 
comph'ted, tiu', la.st tra('(‘s of the j)re\ ionsly {‘ondensed 
oil are j'(', volatilised a,nd tin* shale heated to a tem[)era- 
ture aj.'proa('hing tin*, [)oint of d('c,omposition.” 

The above- eA'tract from Young and lleilby’s spefi- 
fjcation exactly explains what, takes place in ('V(',ry form 
of v('rtical retoj't, but it has been found in |)ra(d,ice that 
crude oil frfini ('ven the Young and Jhfilby I’ctorts cannot 
be projx'rly refin(*-d unless it receives the preliminary dis- 
tillation, and thej'cfore, the cost of thtl t part of refining 
is not saved. 
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VTIic most novel tliiuir alxmt tlic retorts is the 
lieatini;- ai'iTinij^emeiits. Si.\l.een of the composite retorts 
{ire inclosed in two ovens I), {xnd 1)etwecn the latter is 
plac(‘d the (H){i 1 ndort E (Kii^s. 13 and 15). This coal 
ndort is (*onstrueted of fired iric'k {iiid its lower lailf is 
pro\ ided v\dth ;i 1111111] )er of jiigeon-lioles that open into 
th(‘ two ovens, and its 
1 o wer e x 1 ivini ty ends 
on gT;de-l)ars, and is 
provided with a fur- 
iKici^ door. Slip] losing 
ev('r\liiing i.o lie in 
working (Jider vvlien tlui 
(‘o;d reioii is <'li;irged, 
tln^ ( oal eoniing in ('on- 
tiK't with I he liot sides 
('f the- ndort and the 
siiperlKaih'fl steam and 
gas(‘s (wliich ari‘ kc'-pt 
('onsliiJitly passing up- 
wards) immediately I lo- 
gins lo jirodiu'c gas {ind 
ammonia, {iiid lliese (o- 
gether with the other 
giises, ;iiid steam, are 
drawn oil at the to]) of the retort into a main B(Fig. 15), 
and aftei’ the aniinoniacal steam lias been condensed and 
separ.ated from the gases, the laller lire returned to the 
retort and enter inair the botlom. One jiortion of the 
returned gases again goes through tlu' process just de- 
scribed, while tlie other portion is drawn through the 
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pigeon-holed brickwork into the oven D (Figs. 13 /j,nd 
14) surrounding the retorts, find is tlicre consumed as 
fuel for hcfiting the coal retort, sixteen shale i*etorts and 
the steam su])erheater C (Fig. 15). The cofil retort is 
worked so tlnit tlie draught in the Hues of the oven 
as near fis possible counterhalances the slight vacuum 


? ^ 



Fio. 15. 


maintained in the retort 
find conneijtions leading 
to the exhfiuster, find in 
thfit way the gfises gene- 
rated in the upper j)or- 
tion of the r(‘.toj‘t cfin 
be drawn off without 
danger of the lire being 
drfiwn up in at the 
lowmr end ; in hict this 
coal retort is worked in 
a very similar manner 
to thfit alrefidy desciilied 
for working JMcBeaths 
shale retort. By the 
lime the coal hasw^orkevl 
its wiij dowm in the 
1 ‘elort and reached the 
grfite-liars it is reduced 


to ashes, and the latter are periodically removed through 


the furinice door 1) (Fig. 15). Tins method of haitdling 


the fuel for .the shale retorts results in the most of the am- 


monia, contained in the coal, being secured, whereas by the 
former methods of hefiting this ammonia was entirely lost. 
The Young and Bcilby retorts are like most others 
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as iegards tlicir length of life, and if placed in the 
hajjds of cai'efu] workers and, more especially, if not 
worked at too liigli a heat, they should last from six to 
seven years ; hut if worked with the view of obtaining 
the maximum yield of sulphate of ammonia fj'om the 
shale and, therefore, at a very high luait, they will last 
but two or three years at the most. In the long run, 
therefo]-e, it is clieapcu* to sacrifice a little ammoiiia and 
thus lengtljen tlie lih^ of the j-etorts. 

It is ^’cry liazardous to allow these retorts to cool 
down, MS th(* rooling causes the joint between the cast- 
iron and fire-l>ri(d< portions to o})en, and tlie joint cannot 
be (‘ffe('tually (dosed agaiji without pulling dowji and 
rebuilding the brickwork. It is th(‘refore necessary to 
keep tlu'se ivtoits constantly working, and the old 
raistomary I'C'.st fj'om Saturday afternoon until Sunday 
aftcriKjon cannot be indulged in. Tlie retorts are 
(harged ev(‘ry six hours, and the Aveight of the charge 
is 7 cwt., and a retort distils 138 cwt. of shale per 
twenty-four hours. Before the retorts are chai'ged a 
quantity of spent sliale (ecpial to the cliai’ge) is Avith- 
drawn to an iron hutch from the “ammonia” portion 
by opening the door I) (Fig. 14). 

The Young and Beilby retorts uoav in course of con- 
struction at some of the Avorks are built entirely of 
brick, and have a round cross section of 3G inches in 
diameter at the liottom and 24 inches at tlie trip, and a 
height of 50 feet from the ground to the top of the 
retort. The results obtained from some of ihese enor- 
mous retorts that have just been put into operation are 
sajd to f>e very satisfactory indeed. 
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The cost of niimiiio- rlio ^oiino; ;ni<l IVilhy reliorts 
com pared very favoiira.h] v wirli tlial of the Ih'iiderson 
retorts, and the yi('lds from iii(‘ former an' very ('on- 
siderahly in their favour, as will ])e Iv nderriii^i;' to 
Tabl(‘s XV. and XVh 


Taule XV. 


Product. 

! 

IJender- 

son. 

1 

Yoini" 

ntxi 

Bcilliv 

neiide-- 

SOll. 

y<nin'^ 

..11(1 

1 oilhy. 

1 , , , Voiim^ 

1 1 ,.'„r 

1 IVilhy. 

Crude oil (gals.) ' 

i 


'j:-or>o 

' 2:3 -s.; 

, i!S-7:i ihi-n 

ISidphiiUi of Bill- j 
mtmia (Ihs.) f, 

V2':n j 

1 

ii-rr, 

j 

iJ-70 ; 

i:> IJ 

10 HO ^ tO’Or, 

! 1 


The results of 1 h(‘ distillatioji of thi'Ci' diiferei]l< shales 
as c'iven above, sluiW tliat llie Ilemh'rson n't oris <^dve a 
sonu'wiial lar^xn* yi('ld of (uauh' oil, but’ only al)out one- 
(|iiarter ( [) of Ihe- yield of ammoiiia tliat llie Youni>'aiid 
Beil by ret/OJ'ts I’ive. 

Tabli: \VT. 


Onidc ()il, from 

Finished Ihoducts. _ 



lleudersoii. 

'^ol]^lgnlld lleilhy. 

Naphtha , . . . 

per coni. 

por fcTit. 

2 ‘00 

0-75 

Burning oil .... 

■11 -.so 

84-27 

Intermediate oil . 

1-02 

4-50 

I 

Crude scale . . . . i 

•' I 

10-87 

13-57 

Lubricating oil 

17-80 

20-55 

1 

Total . . 1 

78-05 

78-01 
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I^)okiiio; jit T{il)le XVI. we see that the total yields 
of finished jn'odiiets are almost identh'al in both cases, 
while t]j(^ yield of crude scale is p(5r (‘cnt. and lubri- 
catino’oi] 2’ p(‘r cent, larojer from the Youno-and Beilby 
than from the Henderson retorts. 

Idle yields of (trude oils, from vvdiich the finished 
products in Tal)le XVI. wei-e obtained, were : — 

1 Irndersim, crude . . ihi * 1 8 gallons per ton. 

Young and Ih'i I by, (‘rude 80'2(> ,, ,, 

If )»y i.lu' us(^ of (h(‘s(‘ figui’es we ('ali'ulafe the 
j'»er(‘(Mi(ag(‘ figures ol tlie scah*. and lulu'icatiiig oil in 
Tal)l(‘. XVL l>a(‘k to th(‘ .-l]a!(\ we find tljaf, the figures 
are still in fa\our of the Young and Beilliy retorts, as is 
shown in Table X \ 11. 


Taulk XVII. 


] *10(1 net 


Crude scale . 
Lubricating oil 


I YicM 111 (oUloiiH from One 'I'oii of Shale. 


lIendei>on. 


d * 7 J 5 
rriK.rj 


Voiiiiir and Boil I >3', 


i-ior, 

(*>•222 


The yields of O'dDl gallons of crude scale and 
0*289 of lubrh'a ting oil ])or ion in favour of the Young 
and Beilby retorts, togethei’ with the (Uioi’inofts imuTase 
in the yield of ammonia, has naturally resulted in these 
retorts practically superseding all others. 

> One often lu^irs, when in the neighbourhood of the oil 
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works, of treinoiiJoiLs yields of sulphate of ammoiiintliat 
sueh and sueli a company is ol)taiiiing, the reported yield 
often being as liigh as 80 lbs. per ton. Such apparently 
large yields are invariably accounted for by the fiict 
tliat tlie c'ompany, instead of employing an overseer at 
the pit head to rejec.t any inferior sliale that may be 
loaded on to the railway Ava.gons, prefers rather to make 
allowanc(!s jbr any infeiior shale that ni.'jy be ^so loaded, 
by figuring a ton as weighing anywhej-e from 20^ to 
24 (‘.wt., and, therefore, when the c.ompa,ny tliat boasts 
of a yield of 70 lbs. of sulphate of ammonia per ton of 
shale is retorting a 24-cwt. ton, the A'ield ]>er actual 
ton is only 58lj lbs. Also, as the ammonia water from 
the Young and lVil))y retorts contains a lai'ge amount 
of oily bases, the a})parent amount of aoimonia present 
in it greatly (‘X('eeds the aot-ual amount unless special 
precautions arc taken in making th(‘. analyti(ial deter- 
minations, as will be explained under the heading 
“ Laboratory.” 

No matter what forni(d retort is used, it is absolutely 
necessary for theii’ safe workiug that the gas maijis shall 
be well supplicil with explosion doors. These dof»rs arc 
made by lea\ ing an o})euing, about 12 incJi(js in diameter, 
in the toj) of the main and sin*rounding it with a water 
lute into which fits an iron cover. The ('oycu* has about 
8 feet of chain attached to it, and the other tmd of the 
chain is secured to the main. In the <'usc of explosions 
— whidi at times occur (juite frexjueutly — the iron cover 
to the lute is blown off and all'ords imm(‘xliate relief to 
the main, while the chain prevents the cover being 
blown any great distaru'e and temporarily lost. 
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auxiliary apparatus iie(iOssary for the distilla- 
tion of slialo consists of : — 

1. Steam l»oilcrs for supplyino; steam for tlie retorts 
as well as running the machinery in connection tliere- 
Avitli. 

'J. A condcnsei*. 

3. An exhausting fan or pumj). 

4. A sci’ubber or coke tower for freeing the gas of 
its volatile oils. 

5. An apparatus for ]‘ecovering the volatile oils from 
the coke towers. 

(). Separators, for separating the ammoniac'ul water 
from the oily ])ro(lu(‘ts. 

7. Jleccuving tanks for tlie various crude products. 

8. A pond for (‘ooling or (|uencliing the spent shale 
ill after it ('om(‘s fi'om the retorts and before it goes to 
the waste shale l)auk.- 

The amount of steam used in the Henderson and old 
verth'al retorts amounted to an eipiivalent of al)out 
80 galJons of water per ton of shale, while in the 
Young and Beilby retorts about 110 gallons of water 
(in the foi'ui of steam) are used per ton of shale. The 
pressur(‘ of the steam for the Henderson retorts was not 
to be below 10 lbs. per square inch, wliile the steam 
used in the Young and Beilby retorts is not to exceed 
the ])ressure of a column of water G imhes high. 

The use of such low-pressure steam in the Young 
and Beilby retorts led Mr. McCutclion, of Yomgg's Com- 
pany, to suggest, about nine or ten years ago, that the 
main Hue from the retorts be so constructed that the 
ex^edingly large amount of waste heat could be utilised 
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for generating steam for use in tlie retorts. This very 
excellent suggestion, wliicth would entail hut a compara- 
tively small outlay of capital aJid would save a very 
large sum of money per annum in coal hills, lias, so 
far as the author has heeii able to learn, not yet been 
adopted. 

The amount of vacuum maintained in the retorts, 
mains, &c., l)y means of the exhauster is usually equal 
to a column of water 1 to 2 in ('lies in li eight. 

The condenser used in ('onneetion with the retorts 
is usually of the tyj>e known as an Air Condenser,” 
and, as the name implies, the cooling medium is air. 
The air condenser, shown in 2 >hui in Fig. 1, ixajuires 
to l)e examiiKMl in detail in order to thoroughly under- 
stand its construction and method of working, and 
therefore we will refer to Figs. IG, 17 and 18. It is 
composed of a series of horizontal manifolds or “ chests” 
A, B and C connected with each other by means of the 
pipes E, F and C. The fii’st chest A into which the gas 
and vapours from the riitorts first pass is 2 feet in 
diameter by alxmt 30 feet long, and is provid(‘d on its 
upper side with a single row of openings that enable 
the making of bell and spigot joints. The other mani- 
folds, B and C, are only 18 inches in diameter, but 
arc provided on top wdth a double row of bells, and 
divided longitudinally by the partition I), which ex- 
tends down to within 2 inches of tlie bottom. An air 
condense^;, capable of handling the gas and vapours 
from 144 Henderson retorts usually consists of one 
manifold like A, eight piped like B, and one piped 
like C. After the gas and vapours have filled A, they 
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pass upwards through F, and over and down cinto 
the manifold B, whore they hav(i to pass under the 
partition D before they can ascend the next series of 
pipes G, and so on until they have passed through the 
eighth B-manifold, by which time their bulk has been 
so reduficd tliat two of the pipes E can be eonnettted 
together and descend to the manifold V, as one. The 
draining pipe K of manifold C is arranged so as to 
maintain a dcj)th of about 4 inches of liquid in the 
manifold, and the gas, &c., descending through the 
pipes E, being unable to pass under the partition D, 
have to ascend to the other side of the partition before 
they are able to es(*.ape through the pipes I to the main 
J which leads to the exhauster in the exhaustion house 
N. Each of the manifolds with the exception of 0 is 
kept thoroughly drained by the pipe K, through wdiich 
the condensed products run into the traj)s \j and then 
to the separators, and finally to the respective tanks 
for the different products. As the pipes F are liable 
to become choked in the toj) bends an opening is pro- 
vided at P and fitted with a cover which can be easily 
removed and allow of the introduction of an iron 
rod with wlikdi to free the bends of an obstruction. 
The traps L are provided for the puipose of preventing 
the escape of gas, and are simply vessels in which the 
liquid is maintained at a height of about 6 inches 
above the bottom of the pipe K, thus forming a lute 
or seal. 

As the oil vapours fi’om the retorts consist of a 
gradation from light to heavy j)roducts, it is natural 
that the heavy or higher boiling point products should 
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conclense first and that the condensed products should 
get lighter and lighter at each succeeding manifold. 
This diminution in the specific gravity of tlic oil con- 
densed in tlie respective manifolds and their piping 
enables the oil to be separated into two produ(^ts, vi; 5 . 
Crude oil and Air-Condenser ” naphtha. In the sum- 
mer tlic first five manifolds yield crude oil and tlic last 
five naplitha, while in the winter the crude oil is all 
condensed l)y tlie time the vapours pass through the 
sec'.ond manifold, and therefore the su(iceedin£r eiaht are 
used for the condensation of the naphtha. All the 
manifolds yield more or less ammoniacal water. 

We now sec that the air condenser separates the 
gas and vapours into four products, viz. : — 

Crude oil. 

Air-condenser naphtha. 

Ammoniacal water. 

Giis (containing very volatile oils). 

In order to separate the mixture of crude oil and 
ammoniacal water, and air-condenser naphtha and 
ammoniacal water, the mixtures are run through their 
respective separators. 

Tbe separator usually consists of a cast-iron cylindri- 
cal tank similar in section and plan to Figs. 19 and 20, 
in which the separator A is provided with a partitioned 
space C, which extends down to within 3 inches of 
the bottom. As water is heavier than oil,’^when the 
mixture of oil and water runs into the separator from 
the pipe E, the water sinks to the bottom and then 
passes up the partitioned space C and overflows at D, 

H 
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while the oil remaining on 
olf through B. 

As a separator is often 
that does not justify the 



Fig. 19. 



the principal requisite for 
Having separated the 


the surface of the water runs 

needed for some experiment 
expense of having a casting 
made, the author lias showr 
in Fig. 21 a separator that 
can l)c constructed for a verj 
small cost. It consists oj 
the tank ^ A, at the botton 
of which is cut a hole tc 
accommodate the pipe B, 
while the pijic C is let intc 
the tank near the top. It 
is almost unnecessary tc 
state that the water escape.' 
through B and the oi! 
through C. 

Of course the size of the 
separator depends largel) 
on the A^olume of the fluidj 
it has to take care of 
but whatever the size 
it is always advisable tc 
build it as deep as cir- 
cumstances will allow, as 
depth and not diameter h 
a good separator, 
oil and aqueous products, we 


* Any old tank or piece of large-sized pipe will answer th( 
purpose, or a galvanised iron vessel with soldered joints can be 
cheaply constructed. 
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wilWispose of tlie crude oil and amrnoniacal water in 
the meaTi time, liy saying that they ai-e pumped to their 
respective storage tanks, and confine our attention to 
the disposal of the aii*- 
coTi(l(‘nsei* iiaplitlia and 
the i^as. 

A ir- (!o)i(Icuscr N(t])h- 
tha— Tlie yj(‘lJ of this 
prodiK'.b varies from J 
to 4 gallons per Ion of 
shale, and its speeifio 
gravity varies from *708 
to '770 aeeording to I he 
effi(acuc.y of the coiidcmsers. Its semi-pui-ification is 
effected hy distillation in a horizontid cylindrical iron 
still of alK.ut 2000 gallons capacity. Tlie heat neces- 
sary for rhe distillation is obtained solely from steam, 
which latter is introduced through a perforated pipe 
lying on the hot tom of the. still, and, passing up through 
the oil, heats and va])orises the. light naphtha contained 
in the latter, the distillation is continued until the 
specific gravity of the distillate stream reaches -768, 
and when that point is reached the steam is shut 
off from the still, and the residue left in the latter, 
having a specifn; gravity of about 850, is iramped to 
the crude oil storage tank. The yield of distillate from 
air-condenser naphtha varies from 40 per cent, to 70 
per cent.; this distillate is mixed with the najllitha that 
IS obtained during the process of refining the crude oil, 
and will be referred to later as “Air-Condenser semi- 
refined naplitlux.” 
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Gas . — The temperature of the gas as it lea ve^. the 
air condenser of course varies with the temperature of 
the atmosphere, but it is usually about 10° to 15° F. 
higher than the atmospheric temperature, but in eases 
^ r where the condensing capacity is 

somewhat insufficient, these figures 
are greatly exceeded. 

After the gas has passed 
through the exhauster house it 
is discharged into the coke tower 





a 


Fir. 

O 


22 . 




or scrubber shown in 
The tower consists of an iron 
cylindrical tank A, about 9 feet 
in diameter by 40 feet high, 
placed on end and provided with 
a perforated false bottom B, which 
supports the pieces of 
coke C. The latter 
should be good hard 
gas - house coke, free 
from all dust, and is 
piled in the tower to 
a height of about 30 
feet. Near the top of 
the tower is placed a 
perforated or “ distributing plate D, surmounted by a 
receiving cup E, into which a heavy oil is discharged 
from the ^ipes F. When the tower is in operation the 
donkey pump B (Fig. 23) keeps a constant supply of 
heavy oil discharging into the cup E, from which it 
overflows on to the distributing plate D and then runs 


K 
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down over the surface of the coke C into the lower 
portion of tlie tower, from whence it runs to the suction 
of tlje pump. The gas entering at the connexition G 
passes upwards and around the pieces of ciokc, and haf- 
to come in intimate contact with the constant shower ol 
descending oil, whicli latter ahsorhs the most of tlie light 
naphtha vapoui's before the gas can escape through the 
connertion II near the top of the tower. After leaving 
the tower, the gas descends in the trap I, and has to 
bubble up through 3 or* 4 inches of water contained in 
the latter before it can pass into tln^ connection J 
leading to the retorts. A small amount of waler is 
kept constantly running into the trap, and that which 
ovcrllows through th(^ connection K is pumped to the 
amnioniacal water storage tank, as it is ilch in ammonia. 
Explosions are liable to o(',('ur in tlie gas main J lead- 
ing fr(iin tli(‘ trap to the retorts, and, if relhh was 
not allbrded, these explosions would in all jirobability 
wi*e(h th(i coke tower : th(‘j*efore tln^ traj) is jaTohled 
with the explosion door L, which, Ixhig hinged at the 
top, cannot be blown away, and always di'ops back to 
its jilace after l)eing I’aised by any exc(*ssiv(; pressui'C. 
Having disposed of tlie scrubbed gas by sending it back 
to the retorts to be burned as fuel, we wdll now follow 
the naplitha that was extracted from the gas, and which 
is called — 

Coke- Tower Naplitha . — The extraction of the coke- 
tow^er naphtha from the heavy oil just referred to, 
entails the use of the apparatus shown in plan in 
Fig. 23, and in elevation in Fig. 24, in which figures A 
and B being resp(‘ctively the coke towxr and pump, 
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C fe a heater, D the still, E the naphtha condenser, F 
the naphtlia and water’ separator, and G the naphtha 
receiving tank ; while H and I are respectively the 



heavy oil and water separator and heavy* oil cooler. 
The modus operandi is as follows 

One of the suctions of the punip B draws half of its 
supply from the heavy oil cooler and half from the 



104 MINEJ^AL OILS AND BY-PRODUCTS. 

bottom of the tower, and discharges the whole in ah top 
of the tower ; while the other suction of the pump 
draws all its supply from the bottom of the tower and 
discharges it into the connection leading to the heater, 
whi('h latter is provided with an automatic feed regu- 
lating co(‘k, and any excess of oil discharged into tlie 
heater connection is provided with a means of escape by 
a branch connection leading to the top of tlie tower. 
After passing through the heater, tlic oil is conducted 
into the still 1), where it is brouglit into intimate 
contact with live steam, which latter vaporises the 
naplitha tliat the heavy oil had extracted from the gas 
in its passage through the coke tower. The steam and 
naplitha vapoui's pass of!' at the top of tlie still and into 
the condenser E, and, having been (‘ondensed, they then 
run through the separator F from'wheiice the water runs 
to the sewer, and the coke-tower naphtha to its receiving 
tank. 

The heavy oil being freed of the naphtha, passes out 
at the bottom of the still, and, after having had any 
water it may have collected separated in H, it con- 
tinues on to (he cooler I, where its temperature is 
reduced to 50^ to G0° F. before it again passes into the 
suction of the pump B to renew Ihe cycle of movement 
just described. 

A few words in regard to the construed ion of some of 
the above apparatus may be of use. The heater H is 
composed ef a long spiral coil of pipe placed in a tank, 
into which latter the steam from the pump exhausts. 
The hot water and steam which this tank contains heat 
the oil in its passage from a to 6 (Fig. 28), and thus effect 
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a saVing in the cost of the distillation — as regards steam. 
The exhaust from the pump enters the heater through c, 
and any uncondensed steam escapes through d, while 
the condensed water is maintained at a steady level by 
the connection e. 

Tlic still I) is shown in elevation and plan in Figs. 
2G and 27, in which a is the oil inlet formed into a 
square on tlic inside aiid provided with an upright 
pipe> b at ench corner. The four pipes b project to 


Sralc of flit 



Fig. 25. Fio. 2G. Fig. 27. Fig. 28. 


within 9 inches of the top of the still, and the oil over- 
flowing from them trickles down over the wire gauzes c 
and comes in contact with the escaping steam from the 
rose d. I'lie steam, and the naphtha that vaporises 
from the oil, pass up through the gauzes and out at 
while the heavy oil continues on down and dtit at /. 

The condenser F is shown in part section in Fig. 25, 
and is simply an upright cylindrical tank fitted with a 
spiral coil through which the vapours pass, while cold 
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water enters at the bottom of tlic tank and overfiows 
near the top. 

The amount of oil that has to pass tlirough the 
coke tower per twenty-four hours depends largely, of 
course, on the quantity of gas to be siu'ubbed, but if 
the volume of gas is known it is easy to calculate the 
amount of oil to be circulated, by figuring that two 
gallons of oil are required for scrublhng every 1 00 cubic 
feet of gas. 

The Henderson retort yields about 3000 cubic feet 
of gas per ton of shale, and retorts about li ton per 
twenty-four. hours. Therefoi’e the three benches of forty- 
eight retorts each (which the coke-tower naphtha appa- 
ratus just described would l>e easily capal)le of taking 
care of) would yield 540,000 cul)ic feet of gas per 
twenty-four hours, and consequently the pump B would 
have to circulate 10,800 gallons of heavy oil per twenty- 
four hours. 

In the case of the Young and Bcilby retorts, the 
yield of gas is from 7000 to 10,000 cubic feet per ton of 
shale, and consequently a coke-tower naphtha appai'atus 
of the size we are dealing with would l)e able to take 
care of only two benches of these retorts of forty -eight 
retorts to the ])ench. 

The amount of coal required for supplying the steam 
for the pump, still, (&c., for the coke-tovvxu* naphtha 
apparatus amounts on an average to 151 lbs. per ton of 
shale distilied, or about 1|- ton of coal per twenty -four 
hours. 

Mr. Colman about the year 1875 conceived the idea 
of extracting the volatile naphtha vapours from gas by 
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meaV^ of compression, and Table XVIII. shows the 
results of this method of working as compared with the 
absorption or coke-tower method. 

Table XVIII. 


Yield of Naphtha from 3000 cubic feet of Gas. 


• liy Compression. 

lly Absorption. 

Pressure per Square 
Inch. 

Gallons. 

Specific 

Gravity. 

Gallons. 

Specific 

Gravity.' 

150 lbs. . 

2-81 

•093 

3-29 

•708 

U • » 

2*20 

•008 

2*78 

•709 

100 „ . . 

2 *40 

•708 

2-01 

•710 

» 5) • • 

2*44 

•710 

2-17 

•705 

M • • 

2*51 

•708 

2-40 

•708 

00 „ . . 

2*2 r ) 

•700 

1-81 

•701 

Average 

2-40 J 

•098 

2-47 

•707 


Botli the compression and absorption methods 
gave, on an average, almost identically the same 
results as regards yield, and as the compression 
metliod was tlic more expensive the absorption method 
was continued. 

In the regular way of working, the yield of coke- 
tower naphtha does not usually exceed H to 2 gallons 
per ton of shale, but there is an apparatus .devised by 
William Young, that brings up the* yield to 2 \ to 
3 gallons. However, it is exceedingly doubtful whether 
there is anything to be gained (at the present market 
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values) by extracting tlie last trace of naphtha ^rom 
the gas when, in order to do so, one has to go to 
the expense of 1000/. or .so for apparatus and pay a 
royalty in the bargain. Also, the extra naphtha that 
this apparatus extracts is of such a very volatile nature 
that even after it is obtained it is very hard to hold it, 
and, in fact, before it can be converted into a finished 
product the most of it lias l)een lost by evfiporation. 
Again, if we extract this last trace of naphtha we rob 
tlie gas of a certain amount of calorific power and of the 
whole of its illuminating power, and it is necessary to 
use more coal at the retorts in order to replace tlie loss 
in calorific power of the gas, and, as gas is largely used 
for illuminating purposes in the works, it is necessary, in 
the event of the shale gas being deprived of its illumi- 
nating power, to go to the expense of erecting a separate 
plant for the production of illuminating gas. Under 
the circumstances, therefore, a company that possesses a 
plant similar to the one illustrated in Figs. 23 and 24 is 
not warranted in going to the expense of making any 
radical and expensive changes in it. 

Cooling Pmid, — Spent shale is at a red to bright-red 
heat when drawn from the retorts, and the practice of 
gome companies of dumping it in that condition on the 
waste shale banks should not be tolerated, as the atmo- 
sphere for miles around is thereby polluted with noxious 
gases that destroy vegetation and ruin the crops, not to 
speak of causing constant discomfort to people living in, 
or having to pass through, the neighbourhood. There 
is no excuse for the practice, as the spent shale can be 
quickly rendered unobjectionable at a small cost by 
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building a pond between the retorts and the incline 
leading to the waste shale bank. 

The pond A, Fig. 29, is built of brick and cement and 
provided with a pair of rails on the bottom for the 
hutches to run on. The hutches B, full of hot spent 
shale, arc attached to the haulage chain C, by the short 
chain 1), and pulled through the pond of water, and by 
the time tliey reach the incline leading to the bank their 
contents *are thoroughly quenched. This process, of 
course, results in the generation of an enormous volume 



of steam, and so that the attendants cu,n see what they 
are doing, and work expeditiously, it is necessary that 
the steam be carried oft’ to a point where it will not 
interfere with the work ; therefore the pond must be 
provided with the wooden hood and funnel E and F, 
which carry OS’ the steam and discharge it into the 
atmosphere many feet above. 

Having arrived at the end of the process as far as the 
retorting department is concerned, we will now take up 
the subject of refining — bearing in mind that the pro- 
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ducts from the retorts with which we liave to cdeal 
are : — 

Crude oil. 

Semi-refined Air Condenser Naphtha. 

Coke-Tower Naphtha. 

Ammoniacal Water. 

Refining. 

Disfillmg. 

It has been proposed to start refining operations by 
commencing with an acid and soda treatment in lieu of 
a distillation, but as tliat method of working results in 
a very much lower yield and no improvement in (juality 
of the finished jn’odinds,* we will discard the idea, and 
start the refining of crude oil witli a distillation. 

The stills first used by the late James Young con- 
sisted of horizontal cast-iron cylinders with wrouglit- 
iron heads, and were aljout 3 feet G inches in diameter 
by 10 feet long, and the thickness of the metal was 
2^ to 3 inches. They were soon found to be very 
costly, as they were never long in use before they 
cracked through th e middle — circumferentially — and 
allowed their contents of 500 gallons to pour out into 
the furnace l)clow. 

The next stills adopted were upright cylinders made 
of boiler pl^te and having a concave bottom of the same 
metal. A, Fig. 29a, is a sectional illustration of one of 
these stills which was 6 feet 6 inches in diameter by 

* Sec l^reatment versus Distillation, under heading “ Laboratory.” 
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6 feVt high, and was cliarged with 1000 gallons of oil. 
It was found that the wrought-iron bottom was not 
capable of withstanding the heat of more than a few dis- 
tillations, and after trying lining the furnace-side of 
the l>ottom with thin fire-bricks, the wrought-iron was 
repla(‘cd by convex east-iron bottoms, as shown in B, 
Fig. 29a. These bottoms proved to be less useful than 
the wroun-ht-iron ones, as four or five distillations 

*o 

result(Ml in the l)ottoni (tracking around the pfirt marked 
X, and the wliole bottom would 
sometimes drop, in one piece, into 
the furnace, and thus cause a 
serious fire. 

The convex cast-iron bottoms 
were replaced by concave cast-iron 
ones, and the lower end of the 
wrouglit-iron body of the still 
was bevelled outwards (as shown 
in C, Fig. 29a), so as to be able 
to rivet it to the l)ottom without 
the use of angle iron. However 
the improvement that resulted did 
not altogether equal expectations, and finally a pot- 
shaped cast-iron still was adopted, and proved so satis- 
factory that this form of still has been in use ever since 
for distilling the heavier grades of oil. 

Young distilled his lighter grades of oil in horizontal 
stills that had a parallelogram cross section) and were 
made of wrought iron, their dimensions being 12 feet 
long by 5 feet 8 inches broad and 6 feet deep, and the 
capacity was 2000 gallons. 





Fig. 29a. 
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The crude and heavy oil stills at the present/day 
are, in some of the works, made entirely of cast iron, 
and are in two portions. The bottom portion is semi- 
spherical and the top is nearly so. Other works use 
the same pattern of castings, but interpose a ring of 
wrought iron about 18 to 24 inches wide, thus gaining 
a greater depth with a comparatively small increase in 
weight. 

Perhaps the construction of crude and heavy oil 
still most commonly in use is that shown in Fig. 30. 
The wrought-iron portion B is bolted to the flange of 
the semi-spherical cast-iron portion A and the joint is 
made tight by the use of a mixture of sal-ammoniac 
and iron rust. The short casting C is riveted to the 
slightly dished top of the still, and the swan-neck D is 
bolted to the upper flange of this casting. The man- 
hole E is provided for the purpose of allowing a man to 
enter the still to clean it, &c. The heat that effects the 
distillation is supplied by the furnace F, and as it has 
been found that the direct play of the flames on the 
bottom of the still rapidly destroys the iron, a fire- 
brick arch (x is constructed over the furnace to mode- 
rate the heat of the products of combustion before 
they pass through the pigeon-holes II into the chamber 
J surrounding the bottom of the still. The furnace 
draught is regulated by the damper K placed in the 
flue L leading to the chimney. 

In the-'distillation of oil, as in the distillation of 
shale, it is necessary to remove the vapours from the 
still as soon as possilJe, and prevent them from con- 
densing in the upper portion of the still and dropping 



SCALE OP PEET. 


DEFINING 



Fig. 30. 


II4 MINERAL OILS AND BY-PRODUCTS. 

back into the boiling oil, and so being subjected to 
undue decomposition or “ cracking/' In order to 
accomplish these two points, steam under a pressure 
of 15 to 20 lbs. is introduced into the still through the 
pipe a, which finishes in a perforated circle about a 
foot above the bottom. As steam at a pressure of 15 
to 20 lbs. has a temperature of only 250° to 259° F. — 
while the temperature of the oil 4n the still when the 
distillation has been in progress for three or four hours 
is about 300° to 400° F. — it is obvious that the steam 
must have a cooling efiect on the contents of the still 
and necessitate an increase of fuel being burned in the 
furnace in order to counteract it. Various methods 
have been proposed or adopted for the purpose of over- 
coming this cooling efiect, and some manufacturers pass 
the steam through a fire superheater (composed of a 
number of lengths of pipe coupled together by a mani- 
fold at each end, and built into a chamber heated by 
a furnace) before admitting it into the still. This 
method of superheating steam certainly does not save 
fuel, and, in fact, it increases the consumption if any- 
thing, as the superheater brickwork radiates consider- 
able heat, and a large amount of heat passes from the 
furnace to the chimney, and, also, the steam in its 
passage from the superheater to the still loses a certain 
amount of its heat, no matter how well the pipe is insu- 
lated. Apart from the want of economy, this method of 
superheating is incorrect, from the fact that one super- 
heater supplies eight or ten or more stills at one time, 
and as it is impracticable to have all the stills running 
a corresponding specific gravity distillate at the same 
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tiirfle, some of the stills must of necessity be receiving 
a steam t^t is either considerably hotter or colder 
than they require ; that is, taking it for granted that 
it is possible to regulate the temperature of the super- 
heated steam, and gradually increase it to suit the 
progress of the distillation, but this regulation is not 
practical in every-day work, and consequently fire 
superheaters often do more harm than good. 

Mr. McCutchon, of Young's Company, constructed 
the most practical and economical superheater, by 
making use of the oil vapours as a heating medium 
for the steam. He accomplishes the purpose by in- 
terposing an unusually large diameter connection M, 
Fig. 30, between the swan neck and the condenser con- 
nection N, and in the connection M building a coil c, 
of three lengths of 1-inch pipe, through which the steam 
has to pass in its passage from the main d to the per- 
forated outlet h. In this way the steam is heated to 
the temperature of the oil vapours ; and as the distilla- 
tion progresses and the vapour temperature increases, 
the temperature of the steam is increased also, and thus 
a regular rise in temperature of the steam to suit the 
progress of the distillation is ensured. 

The only other necessary apparatus connected with 
the distillation is the safety-valve 0, condenser P and 
connections Q leading to the separator. The safety- 
valve is weighted so as to blow off at a pressure of 3 or 
4 lbs., and in the event of the valve being raised, any 
oil vapours that pass through it are conducted by the 
pipe and allowed to impinge on the surface of the 
water contained in the condenser, and are thereby cooled 
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sufficiently to prevent them taking fire. The condeAser 
is supplied with a cast-iron spiral coil or worm R (in 
which the vapours are condensed) and with the con- 
nections S and T, which are respectively the inlet and 
overflow for the condensing water. 

As steam is used in the distillation it is obvious that 
the distillate leaving the condenser is mixed with water, 
and, consequently, separators (Figs. 19, 20 and 2 ]) are 
placed between the connections Q and the receiving 
tanks for the different grades of oil. In future it will 
be taken for granted that the distillate passes through 
a separator in all cases where steam has been used in 
the distillation, and therefore, the separator will not l)e 
again referred to in this connection. 

The crude oil that is charged into the still should l)e 
well settled and free from shale dust and other dirt, as 
well as water. If any dirt is present in the crude oil 
charged into a still it will settle down on the bottom 
of the still (after the oil has become vrell heated) and 
form a layer that is partially non-conducting, and 
which the heat from the furnace will have great diffi- 
culty in penetrating, and consequently will necessitate a 
very much hotter fire being used than if a crude oil free 
from dirt were charged into the still. If any water is 
present in the crude oil it may or may not make its 
presence known in time to prevent a boil over.’' If 
the still is cautiously heated at the start the presence of 
water will make itself known as soon as the oil reaches 
a temperature of about 212° to 220° F. by causing a 
loud sizzling sound, and occasional thumps that can be 
plainly heard at a distance of 20 feet from the still. 
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The*sizzling is due to the water that has been evapo- 
rated being condensed in the upper portion of the still 
and constantly dropping back into the hot oil ; while 
the occasional thumps are due to quantities of water 
that might equal from one-eighth to one-half pint or 
more finding their way to the bottom of the still before 
they are converted into steam, thus raising a large 
volume of oil that drops back with a thump. Should 
a fierce fire be started under a still charged with crude 
oil that contained a little water, the warning sounds 
above mentioned would not be heard, but, instead, the 
water would be so quickly converted into steam, that 
the latter would form a frothing mixture with the oil, 
which would boil over into the condenser worm and 
cause endless mess and annoyance before it could be 
stopped by drawing the fires and allowing the still to 
cool down. 

As mineral oils (taken as a generality) expand 0*4 
per cent, for every rise in temperature of 10° F., it is 
evident that when a still is charged, ample room should 
be allowed for this expansion, and therefore, with the 
still shown in Fig. 30, an allowance of 18 inches is 
made for expansion, and head room for the vapours, or, 
in oil works phraseology, the still is charged 18 inches 
out. 

From the foregoing it is plain that when a still is 
charged and ready for firing, it must be ca^refully and 
slowly heated at the start. After all noise has ceased 
and, therefore, all the water may be considered to have 
distilled off, the fire may be safely increased a little 
until the distillate begins to trickle from the condenser 
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worm ; and this being an intimation that the distilla- 
tion has commenced, the steam valve / is gradually 
opened, so that at the end of about twenty minutes it is 
wide open and a full head of steam is blowing amongst 
the contents of the still. The stream of distillate, and 
the furnace fire then need the whole attention of the 
attendant, whose point in view should be to maintain a 
steady flew of distillate by so regulating the fire that 
the steam valve does not need to be touched from the 
time it is opened until it is shut again when the distilla- 
tion is finished. Eegulating the distillation by means 
of the fire necessitates far greater attention and more 
work than by the use of the steam, because, in the 
latter case, the attendant can put on a large amount of 
coal at a time and then sit down and watch the dis- 
tillate, and if the stream increases, he simply closes the 
steam valve a little; and then, as the coal becomes 
exhausted, and the distillate decreases in volume, he 
gradually opens up the steam valve again until he has 
it wide open, and then he replenishes the fire with 
another large supply of coal, and sits down again. If 
the steam valve is not allowed to be touched between 
the start and the finish of the distillation, the attendant 
has to '' fire ” more frequently, and with only a small 
quantity of fuel at a time, and consequently is not able 
to sit down as often as he might like to. 

The distillate resulting from a distillation that has 
been regulated by the steam rather than by the fire, is 
decidedly inferior to a distillate resulting from a properly 
fired still ; it will have, perhaps, a slightly better colour 
and its specific gravity will be lower, owing to a certain 
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amcAint of cracking having taken place, but the yield 
will be very much lower and the distillate will contain 
less solid paraiHfins. Therefore it is a wise plan to place 
the steam valve at a height that cannot be reached 
without going to as much trouble as would be necessary 
in attending properly to the fire. 

During the early part of the distillation the con- 
denser must be kept well supplied with cold water so 
as to be sure that the more volatile products are 
thoroughly condensed and do not escape in the form 
of vapour ; but as soon as the distillate begins to show 
signs of wax * (when cooled to 40 ° F.) the water supply 
is diminished gradually until, when the distillate con- 
geals at 50 ° F., the supply is entirely shut off and the 
water in the condenser is allowed to heat up until the 
distillation is finished. If the condenser were kept 
cool all the time, the heavier distillate containing wax 
would soon choke the condenser worm, and perhaps 
result in blowing up the still. Of course the safety 
valve would give a certain amount of relief, but as the 
valve is not designed to wholly relieve the still when 
the latter Is running a normal stream of distillate, it 
would be necessary to at once close the steam valve and 
draw the fire in order to prevent an explosion, not to 
speak of stopping the waste that takes place when the 
oil vapours escape through the safety valve connec- 
tion e. 

The above remarks apply to nearly all tne different 
distillations with which we shall have to deal, but the 
form of still is not the same for all the grades of oil. 
The still just described is only used when the distilla- 
* See “ Laboratory ” 
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tion' requires to be conducted to dryness or “ coked.” 
When the distillation is to be only partially performed 
(he. a liquid residuum is to be left in the still), a still 
constructed in the manner shown in Figs. 31, 32 and 33 
is used. Eeferring to these figures, which are respec- 
tively a longitudinal elevation, end elevation and plan, 
A is the still set in brickwork and heated by the furnace 
B, placed at one end of the still. The products of 
combustion travel under the arch C to the further end 
of the furnace, and then upwards and between the 
arches C and D into the chamber E, where they come 
in direct contact with the lower quarter of the diameter 
of the still, and travelling towards the front end they 
branch off on either side and pass into the flues F, which 
conduct them to tlie back end again and down into the 
main flue G which leads to the chimney. The draught 
is regulated hj the dampers IL 

The condenser worms of these stills * are usually 
continued into a brick Imilding called a “ Worm House.” 
Such a house is illustrated in plan in Fig. 34, and Fig. 35 
shows the end elevation in section. A are the continued 
condenser worms, and B are light sheet-iron troughs pro- 
vided with a metal strap C at one end and a short spout 
at the other ; the strap holds the trough close up to the 
pipes A, and at the same time allows the trough to be 
easily moved backwards and forwards along the pipe, 
so that its short spout can be placed in any one of the 
connections D that may be desired, thus allowing the 
distillate to be conducted to any of the receiving tanks 
to which the pipes E lead. 

^ To bo Lereaftor known as “ Burning Oil Stills.” 
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Shat the various grades of oil may be more easily 
followed from start to finish of the refining process, 
the capacities, life, &c., of the various stills, together 
with the fuel and steam used, and also the amount of 
condensing surface needed, &c., will be dealt with later 
under the heading Distilling Data.” 

Crude Oil . — Grenerally speaking crude oil has a 
greenish-black colour, a smell peculiar to itself (that 
cannot be properly described) and solidifies * at about 
80° F., and at ordinary temperatures (50° to 60°) its 
consistency is about that of soft butter. 

Table XIX. 


Specific Gravity of Crude Oil. ' 


Seam of Shale. 

Horizontal 

Retort. 

Vertical 

Retort. 

Henderson 

Retort. 

Young and 
Beilby Retort. 

Addiewell (thick) . 

865 

889 

878 


„ Pam) . 

• • 

883 

875 


Broxburn Oil Co.’s . 


.• 

867 


Gharlosfield 

. . 

880 

870 

876 

Cobbinshaw 

865 


880 


Fortneuk . 

. . 

887 

863 

878 

Grey shalo . . 1 

. . 

872 

865 


Methyl 

871 

915 



Nowliston. 

. . 

873 

866 

876 

Oakbank Oil Co.’s . 

846 

i 

883 

•• 



•-As is natural to suppose, crude oils vary consider- 
ably in specific gravity according to the shale from 
♦ See “ Laboratory,” p. 214. 
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which they are produced and the form of retorts in '^hich 
shales are distilled. As will be seen from Table XIX., 
the horizontal retorts yielded the lightest, and the old 
form of vertical the heaviest crude oil. 

When a crude oil is distilled it yields — 

Once-run distillate. 

Chrysene. 

Coke. 

Gas. 

The once-run distillate, which averages 93 to 95 per 
cent, of the crude oil charged into the still, will be more 
particularly referred to later, but for the present we will 
dispose of it by pumping it to its storage tank. 

Chrysene, or still ends, is the highest boiling point 
portion of the crude oil, and consequently only distils 
over at the end of the distillation. It is a dark greenish- 
red coloured fluid when hot, but when cooled to about 
40° F. it is of a yellowish colour and more or less 
brittle. A piece of the cooled chrysene after ])eing 
held in the hand for a few minutes becomes plastic and 
sticky, and cannot be easily removed from the skin, and 
therefore it is an objectionable substance for either lubri- 
cating oil or wax to contain, and consequently it is sepa- 
rated by fractionation at the still. The yield of chrysene 
amounts to, on an average, 0’6 per cent., and, as no 
better use has been found for it, it is mixed with coal dust 
and burned ‘as fuel under the stills, &c. This substance 
is further referred to under the heading “ Laboratory.’' 

The coke resulting from the distillation of crude oi^ 
is somewhat softer or less brittle than gas-house coke. 
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It v^ies, in thickness from 2 to 3 feet, and is formed 
as a solid mass on the bottom and partly on the side 
of the cast-iron portion of the still (Fig. 30). It is 
usually very close grained on the under side (i.e. the side 
next the iron), but gradually gets less dense until, near 
the surface, it is spongy in appearance. It has a dead 
black colour except on the very surface, which latter is 
a glossy black. It is used principally under the stills as 
fuel, but is also used in the manufacture of electric light 
carbons. The yield of coke varies * from 27 to 30 lbs. 
per 100 gallons of crude oil. 

The gas is generally a wasted product, but one of 
the companies collects it and uses it as fuel. The 
quantity of gas resulting from tlie distillation of 2000 
gallons of crude amounts to about 1000 cubic feet, and 
it seems incredible that arrangements are not more 
generally made for its collection and use. The whole 
of the 1000' cubic feet is not permanent gas, but about 
10 per cent, of the volume is light oil vapours that are 
not condensed in their passage through the condenser. 

As the various grades of oil receive acid and sods 
treatments between distillations, we will, before pro- 
ceeding further with the routine of manufacture, take 
up the subject of, and review the apparatus used in, 

Treating. 

Some of the companies preferred to treat oil by firs' 
using caustic soda, then acid, and finally a wash witl 
sufficient weak solution of soda to neutralise any acic 


* See “ Distilling Data.” 
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that might be left in the oil. The reason foi^ this 
method of procedure is not at all plain, and, as it does not 
result in any improvement in the quality of the oil, but 
necessitates an additional pumping and, consequently, 
additional cost, the only apparent reason for its adop- 
tion is a desire on the part of its adopters to be different 
from other people. 

The treatment of an oil should be started with acid, 
and it is accomplished by violently agitating the mix- 
ture of oil and acid in a tank or agitator. 

The old style of agitator was a cast-iron vat 8 feet 
or so in diameter by 4 to 5 feet deep, and, if used foi* 
the ‘‘ acid ” treatment, it was lined with sheet lead ; if 
for the soda treatment, the lead lining was dispensed 
with. The agitation in former days was performed by 
means of blades or vanes attached either horizontally to 
a vertical shaft, or vertically to a horizontal arm, and 
made to revolve rapidly through the contents of the 
agitator. The results obtained in this way were not 
satisfactory on account of the inability of the machinery 
to produce a sufficiently intimate mixture between the 
oil and acid, but this method of agitation is still in use 
in some of the works for the “ soda ” treatment. 

Very commonly, the agitation for both the acid and 
the soda treatments is performed now by means of air, 
and more rarely by the use of centrifugal stirrerg- In 
the former case the agitator should be of greater depth 
than diame^ter, and the sizes usually adopted are from 
6 to 9 feet in diameter, by 10 to 15 feet deep, and 
having a capacity of only 1500 to 5000 gaHonis. The 
air is conducted to the bottom of the agitator through 
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a 2-i^ch pipe, and, being under a pressure of 6 to 10 lbs. 
per square inch, it tosses the mixture of oil and acid 
about in its passage to the surface. When the centri- 
fugal stirrer is used, the agitator is usually greater in 
diameter than height, and only holds about 1200 gallons. 
The centrifugal stirrer is very similar in construction to 



Scxile of Feet 

T i.^— 


Fig. 36. 

a turbine, and is shown in section in Fig. 36, in which 
A is the agitator, and B the st'u*rer. The portion a of 
the stirrer is bolted firmly to the bottom of the agitator, 
and h is bolted to a, while c is securely fastened to the 
shaft C, and rapidly revolved by the gears D. The oil 
is sucked down through the centre of the stirrer and 
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violently discharged, through the passages against 
the side of the tank. In this way the oil and acid are 
most thoroughly mixed, and the completeness of the 
mixing, as compared with air agitation, can be easily 
seen by dipping pieces of paper into the agitating oils 
and then holding them up to the light, when the paper 
from the air agitation will show specks of tar that are 
comparatively large and far apart, while the centrifugal 
stirrer paper will show a mass of finely divided particles 
of tar. 

This test shows that the centrifugal stirrer causes 
a more thorough and intimate mixture of the oil and 
acid than the air does, and working results also point in 
that direction, because considerably less acid is needed 
(in order to secure the same results) with centrifugal 
than with air agitation. 

The method of procedure in the treatment of oils is 
as follows : — 

After the agitator has been charged with the oil and 
agitation started, the acid is slowly added, and the 
agitation continued for a period varying from fifteen 
minutes to an hour (according to the grade of oil) after 
the oil has received the whole of its acid. After the 
prescribed length of time for agitation has elapsed, the 
mixture is allowed to remain at rest for a period varying 
from two to twelve or eighteen hours, at the end of 
which time the tar has all settled to the bottom. ^ This 
acid tar is now drawn off through the cock • E 
[Fig. 36 ) and is run to a receiving tank, and will be 
referred to again under “ Acid Tar.” The clear dark- 
3oloured oil is then pumped from the acid agitator into 
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the ^da agitator, when it receives the soda treatment 
in a similar manner to the treatment just described. 
After “settling” or remaining at rest for a given 
number of hours, the “ soda tar ” is withdrawn and run 
to its receiving tank, and will be again referred to 
under “ Soda Tar,” while the settled oil is pumped to 
its receiving tank. 

The quantity of acid required for a treatment is run 
from the acid storage tank into an “ egg,” and from 
there blown, by means of compressed air, into the 


^ I : i iv i fr -J Sectional Elevation. 



agitator. A useful form of “ egg ” is sliown in Fig. 37. 
It consists of the open-ended cast-iron cylinder A, pro- 
vided with flanges B at each end. To the flanges B are 
bolted the cast-iron heads C, and the joint is best made 
tight by the use of a gasket of asl)estos cardboard. 
The cylinder is provided with the three flanged open- 
ings D, one of which is fitted with a pipe thab continues 
down to the bottom of the egg, while the other two ,are 
fitted with pipes that terminate at the flange. One of 
these last two pipes is used as a charging pipe from the 

K 
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storage tank, wliile the other is eoiiiicctod witl^ the 
air compressor or “ bloAver.” As soon as the egg 
is sul)jcctcd to th(‘ rc(|uisile pressure, the acid is 
forced up the pipe that eoniimu's to the bottom of 
the egg, and is discharged into tlie [igitated oil above 
referred to. 

The Author was greatly surprised at tlie smallness 
of the quantity of oil treated at a time, aud when he 
asked a foreman ^he reason for it, h<* was ini’oniKHl that 
“if a batch of oj hd not turn out 11 I'iglit, only a 
small quantity was , uli, but if tin sizi. f tin' agitalors 
were ijicreased the qe. nti^y of oil iiia( iniglit bi* qxalt 
would be correspondingly increasi'd.'’ Tliat is, imhaa.], 
a veiy poor reas(ci and simj)ly points to in."apal>i!ity 
on the part of the foreman to turn out iiniforniJy good 
work. If the foreman is a capalde man tlu‘]*e is no 
reason wliy he cannot form a coirect estimate of the 
quality of each batch of oil before it is treated, and how 
much acid it should receive ; and, in that case, tlie treat- 
ment of 40,000 to 50,000 gallon batches of oil can be 
just as well conducted as 1500 t^) 5000 gallon l)atches, 
and will result in an all-round saving — less acid will be 
required, less oil will have to l)e recovered, tliere will be 
fewer agitators to clean, less machinery to look after and 
keep in repair ; no greater length of time is required 
to agitate a batch of 50,000 gallons than a batch of 
1000 gallons, and consequently, the same amount of 
work can be done in one large batch with the aid of 
very much less labour than in the (;ase of numerous 
small batches. 

Under the heading of Treating Data will be found 
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statistics relating to the amount of acid and acid tar 
left in the settled acid oils/’ which will be of value 
and interest. 

Once-Run Oil 

The once-run oil from the crude oil distillation 
(which we left in its storage tank), after being settled 
perfectly free from all moisture, is now pumped into an 
“ acid ” agitator, and its temperature should not be over 
1 5 to 20 degrees higher than its setting point * when 
agitation is stai'ted. This oil may be advantageously 
treated Y'itli the acid tars from the light oil ti'eatments, 
01 * witJi recove]‘ed acid of 77 ^ Twaddell followed by a 
treatment will 1 148^ Tw. acid. If the “ acid tars ’’are 
used, 10 per cent, by volume should be slowly dis- 
charged from the egg into the agitating oil, and after 
the latter has received all its acid the agitation is 
continued for fifty minutes ; or, the acid may be added 
in two 01 ’ three successive portions, the agitation being 
continued for thirty minutes and then the oil allowed to 
settle for fifteen minutes, and the settled tar drawn off 
before (lie next poi'tion is added. If recovered acid is 
used, 10 per cent, oi* loss (according to the cpiality of 
the distillate) is added in one or more portions and 
agitated and settled as above ; but, after all the weak 
acid has been added and the resulting tar withdrawn, it 
is necessary to give the oil a further treatment with to 
1 per cent, of 148° Tw. acid. If the use of only fresh 
acid is preferred, the strength should not exceed 
148° Tw., and the amount required will be from 4 to 5 
per cent. 

* 


See “ Laboratory 
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Whetlicr acid tars, recovered acid, or only fresh txcid 
is used, it is necessary, after the last stirring, to allow 
the oil to settle for sixteen to twenty hours, after wdiich 
the resulting tar is carefully drained off before the clear 
oil is transferred to the soda agitator. 

Li the soda agitator tliis oil should first l)e treated 
with the soda tars from the second and thiid stage 
treatments, and, after l)cing agitated foi* tliirty minutes 
and allowed to settle for twenty minutes and the tar 
drawn off, a furthei* treatment with 1 per cent, of (15° 
Tw., i'e('()vcred soda* solution is given. The oil sliould 
be agitated for one hour after the second addilion of 
soda, and must then be allowed to settle for eight hours, 
after which the clear oil is to be pumped to the storage 
tank for 


Treated Once-Run OU. 

This oil is next distilled in the 
First Hta(je Oil Stills.\ — The distillation is con- 
ducted with the aid of steam, and tin*, distillate should 
be fractionated fi’oni the start, up to a s[)ecific gravity of 
770 at the worm end for naphtha ; from 770 up to 835 
for ligifcl oil ” distillate, and from 835 to 850 for heavy 
oil distillate, wdiiie from 850 up to about 870 consti- 
tutes “ heavy oil ajid wax distillate. AVdien the specific 
gravity of 870 is reached, the fire should be drawi^ from 
under the still, and the residue left in the still pumped 
to tlie first stage residuum storage rank. We therefore 
see that the scixaj’ations made at the first stage oil stills 
are : — 

* £co ‘‘ Svjdii Kecovery.” 


f Sec Figs. 31 ftiid 32. 
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Naphtha (to be referred to later). 

First stage liglit oil distillale. 

„ heavy oil distillate. 

Heavy oil and wax . . . (to be referred to later). 

Fij’st stage resi<luiiiii . . . „ 

The liglit and heavy oil distillates are pumped from 
tlieir respce.tive storage tanks into separate agitators, 
wlierc they re(*-eivc resp(‘ctively ll and 1^ percent, of 
170'‘ Tw. a(dd. The agitation in liotli cases should lie 
continued for from thirty lo forty -live minutes, and the 
tenip(‘rature of the oil sliould not l>e above 70'^ and 
80 ’ F. After the agitation is eompleteil, the oils arc 
allowed to scuttle for al)out sixtium hours, or, if of 1 per 
cent, of water is thrown into the agitator a ('ouple of 
minutes Ix'foie the agitation is completed, the oils need 
be s(‘ttle(l only three or four hours before being trans- 
ferj'cd to the soda agitator. 

The soda treatment a.t this stiMge sliould be accom- 
plished with t he use of lecMivered soda of (>0° to G5° Tvv. 
— the light distillate receiving about O’O per cent., and 
the heavy distillate alxmt 0*75 per cent. About ten to 
twelve Iroui’s are necessary to effei't the thorough settle- 
ment of the soda tars, and after the tars have been 
witlidrawn, the oils are pumped to, and mixed in, the 
storage tank that supjilies thi*. 

Second Stage Oil aS^z7/.s\— T hese stills are similar in 
construction and setting to the first stage stills, but they 
are run with a “ feed,” that is, after the distillation has 
started, the first stage treated oil is allowed to run from 
the elevated storage tank into the still and the volume 
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of inflowing oil is regulated so as to equal the voWme 
of oil leaving the still in the form of vapour, and thus a 
steady level of oil is maintained in the still. To ensure 
the volume of inflowing oil being equal to the outgoing 
distillate, the still is fitted on the front or furnace end, 
with gauge cocks, which the attendant opens every now 
and again in order to locate the oil level in the still 

So that the ingoing oil may not have an undue 
cooling effect on the contents of the still, the Author 
would advise the construction of a coil in an enlarged 
conuc(*tion between the still and the condenser, through 
which the oil should be made to flow' lieforc being 
liberated at a point near the bottom of the still. 

As soon as the distillation commences, steam is 
turned into the still and the distillate from the start (i.e. 
about 770 specific gravity) up to a specific gravity of 
835 at the worm end is run to the second stage light oil 
tank, and as soon as * that specific gravity is reached, 
the feed ’’ is shut oft‘ and the distillation (‘ontinued 
until the distillate reaches 850 specific gravity at the 
worm end, when the steam is shut off and the fire 
drawn. This second fraction — from 835 to 850 — is run 
to the second stage heavy oil tank, while tlie residuum 
left in the still is pumped to the second and third stage 
residuum tank. 

From the above distillation is obtained : — 

Second stage light oil distillate. 

„ heavy 

„ residuum „ (to be referred to later). 


^ See “ Distilling Data.' 
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?he second stage light and heavy distillates are 
treated separately with from 0*35 per cent, to 0*375 
per cent., and 0 * 4 per cent, to 0 * 55 per cent, of 170° Tw. 
acid respectively. The soda treatment slioiild consist of 
0*5 per cent, and 0*G per cent, of 64° Tw. caustic soda 
solution, made from fresh “ drum ” caustic soda, and not 
recovered soda. The Icngtli of time of agitation and 
settling, &c., should be the same as in the case of the 
first stage oils. 

The treated second stage liglit and heavy oils are 
stored in separate tanks to await another distillation. 

Third SfiUje ''Light'' Oil Stills. — These stills are 
like the second stage ones, and are run with the aid of 
steam, and the second stage treated light oil is fed.’' 
The specific gi'avities at which the distillate is fraction- 
ated depend upon the number of grades and quality of 
burning oil required. If only one grade of burning oil 
were wanted, the distillate would be run from the start, 
until the worm end specific> gravity reaidied, say, 840 
to 845, and tliis would give a l)ulk specific gravity 
of about 812. If two grades of burning oil were 
desired — a good and somewhat inferior one — the lighter 
distillate at tlie start of the distillation should ha 
allowed to run into what we will call No. 2 taiik ; this 
distillate (whicdi wfill stai’t wdth a worm end specific 
gravity of about 770) should i)e I’uii until its ivorm end 
specific'. graA’ity reaches 790. At that specific graviiy 
the distillate stream should be turned into jfnother tank 
(which we will designate No. 1 ), and when the bulk 
specific gravity of the contents of this No. 1 tank reaches 

* TJiat is, the whole of the contents of the tauk well mixed. 
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810 the stream should be turned ba(tk into No. 2 tank, 
into wliic'-h it is allowed to run until the worm end 
specific gravity rca(dics 840 to 845. The l)ulk specific 
gravity of No. 2 tank wfill then l)e a])out 804 to 810. 

As an oil tliat lias a specific gra^'ity of over 840 is 
unsuitable for burning in lamps, the feed to the still is 
shut off when that specific gravity is reached,* but the 
distillation is continued until the worm end sjxadfic 
gravity of ihe distillate rea(Jies 850, and tlum the steam 
is shut olf and tlie fire drawn. The distillate that runs 
between the specific gravities of 840ajid 850 constitutes 
intermediate oil. 

The third stage light oil stills therefore yield : — 

f No. 1 grade burning oil (ready for tlie market). 

+ No 2 

I ^ jj jj j» 

Intermediate oil (ready for the market and for 
gas making, &c.). 

Third stage light residuum (to l)e inferred to 
later). 

Tklnl Stage Ileavi/'' O 'd Sfilh, — Tliesc are run 
without a feed, but with the aid of steam. The treatexl 
second stage heavy oil ('haiged into these stills should 
be so fractionated that the fractions correspond in bulk 
specific gravity with those obtained from the third stage 
“ light ” oil stills with which they arc mixed. Whpn the 
distillate from the third stage “ heavy oil stills reaches 
850 specific gravity at the worm end, the distillation is 
stopped and the fractions obtained from these stills will 
most probably be : — 

* Sec “Dibtilliug Data.” 


t “ See Laboratory.” 
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• No. 2 grade burning oil (mixed witli same from 
tliird stage liglit oil stills). 

Intermediate oil (ditto). 

Tliird stage lieavy residuum (to be referred to 
later). 

The bui’ning and intermediate oils from the last two 
distillations must, of eourse, be thorouglily settled and 
free from moisture before being pumped to their storage 
tanks, ready foi* barrelling and delivery in the maiket. 

Some of the eompani(is make a spedality of a 
burning oil that has been finished with a treatment 
instead of a distillation. In that (aise an oil like No. 1 
grade burning oil is usually ehosen, and this is treated 
with 2 to per eent. of 170^’ Tw. acid with ten to 
fifteen minutes’ agitation. Aftei* the acid tar has ])een 
allowed fifteen to twenty minutes to settle out, and has 
been drawn off, the oil is transferred to the soda agitator, 
where it is first agitated for two or three minutes with 
5 p(U' cent, of water, settled for five minutes, and then, 
after the water has been drawn olf, I per ('.ent. of 
3^ Tw. caustic soda solution is added and agitated 
sulfi('iently to ensui'e all the acid (that may be left in 
the oil) being neutralised. The weak soda solution 
having l.)ecn settled out and run oh', a further treatment 
of :1 per cent, of 65° Tw. soda is giveii the oil, and 
after, three or four minutes' agitation the contents of 
the agitator must be allowed to remain quiet for al)out 
an hour, laftcr whi(;h the oil is transferred to shallow 
tanks and allowed to settle for fifteen to eighteen hours, 
at the end of which time it should be perfectly bright 
and ready for the market. 
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The Lighthouse Commissioners are exceedhagly 
particular in regard to the quality of the oil used in 
lighthouses, and place restrictions on tlie properties of 
the oil that necessitate a special fractionation Ijeing 
made at the stills. As the flash point must not be 
under 130"^ F., and, when the oil is subjected to distil- 
lation, a residue of not more than 7 per cent, is allowed 
to remain in the still when the distillation is stopped at 
a temperature 572° F., it is necessary to cut out all 
light oils and not use any heavy oils that have a boiling 
point of over 590^^ F. in the manufaciture of this oil. 
Usually the oil is obtained from the third stage light 
oil stills by running them under ‘'feed for the usual * 
length of time, and then, after filling up the stills to 
the highest gauge cock, the feed is shut off, and when 
the worm end specific gravity reaches 792 the distillate 
from that point, and until the “ bulk ” spe(‘Jfic gravity 
reaches 814, is run to the lighthouse oil tank. This cut 
gives an oil that has a specific gravity of 814, flash 
point of 145°, and leaves a residue of about 5 per c(mt. 
in the still after the temperature of the vapours has 
reached 590° F. 

A very good burning oil for use on ships, &c., can 
be obtained from the lubricjating oil stills (to be referred 
to), l)y cutting out the distillate between the specific 
gravities of 825 and 848 ; treating this fractioq with 
2 per ('.ent. 170° Tw. acid, and 2 per cent, of 10° Tw. 
soda, and then distilling it off sodaf and cutting out 
the fraction that runs betv/een the worm end specific 
gravities of 825 to 846 to 848. This gives a burning 

* See “ Distilling Data.” t See “ Soda Distillation.” 
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oil th{!t is specially safe for marine purposes, as it has a 
flash point of 225° F. 

Fourth Stage Stills. — The second and third stage 
light and heavy residuums are mixed together and 
distilled in a still like Figs. 31 to 33. The distillate 
from the start until the worm end specific gravity 
reaches 870 constitutes heavy oil and wax, and when 
that specific gravity is reached the distillation is 
stopped. The yield from these stills is therefore : — 

Fourth stage heavy oil and wax (to be referred 
to later). 

Fourtli stage residuum. 

Ileavij Residuum Stilh. — These arc similar to Fig. 30, 
and arc (charged with the mixed residuum from the first 
and fourth stage oil stills, and about 10 lbs. of solid 
caustic soda per 1 00 gallons of oil. Steam is used in the 
distillation, and the distillate is fractionated as follows : — 

From the start until the colour begins to get dark 
constitutes heavy oil and wax, from the starting of the 
dark colour until chrysene (tomracnces to distil over, goes 
for once-run oil equivalent, and, as the still bottom is 
by that time red-hot, the fire is drawn and the separa- 
tions obtained will be : — 

llcsiduum stills heavy oil and wax (to be 
refeia'cd to later). 

OiK'C-run oil equivalent (pumped to the once- 
run oil tank). 

Cdirysene (mixed with (*oal dust and burnt). 

Soda coke.* 


* Sec “ Soda Eocovery.” 
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Heavy Oih aiul Wa;r. 

The mixed heavy oils and wax from the first and 
fourth stage oil stills and the residuum still are mixed 
and cooled* to a temperature of about 80 ' V., and then 
pumped into filter presses f until the pressure reaches 
about ()0 11 )s. per square ineJi. The j)re-ss('.s ai’c then 
opened and their contents removed and placed in (.'anvas 
sheets and tJicn in a hydraulic' press J and subjec'.ted to 
a pressure of 550 lbs. per scjuare inch of the cake of 
wax. TIjc wax left in the sheets after l)eing liydraulic 
pressed is known as ILird Crude Si-ale, and is r(‘.ady for 
the market as sindi. The squeezings from the filter and 
hydraulic', presses are mixed and cooled to about 40'^ F., 
and then filter pi’essed and finally hydraulic' ]_)ressed. 
The wax from tliese second hydraulics ])i*csses is known 
as Intermediate Crude Scale ; tlie scjueezings are mixed 
with the squeezings from the first filter and h)xlraulic 
pressing. Tlie scjiieezings from the sec/oncl filter presses 
are cooled to 80“ F.. ajid then again filter pi'csscal, and 
the resulting oil is pumped to the ‘‘IVessed Oil” 
storage tank. The wax that is left in the third set of 
filter presses is next hydraulic', pressed, and the resulting 
wax constitutes Soft Crude Sctale. 

Fi'om the pressing of the heavy oils and wax there 
is, therefore, obtained : — 

Hard crude scale (128" F. melting point) To be 

Intermediate do. (120° „ „ » ) r referred 

Soft do. (112° „ ,, ,, ) to later. 

Pressed oil. 


* See “ Presfeing.” 


t See Figs. dG, 47, 48. 


J Sc3o Fig. 45. 
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Thie pressed oil is next treated with 2 to 2-J- per cent, 
of 148'^ Tw. acid, and after fifteen to twenty minutes’ 
agitation and as many minutes’ settling, the tar is 
drawn off and the oil is then further treated with 2 per 
cent, of 170° Tw. acid. The second agitation should 
be continued for at least thirty minutes, and then 
allowed to thoroughly settle before being transferred to 
the soda agitator, where it receives 1 per cent, of 60° 
Tw. soda. 


Soi la D Idi llation. 

Tlie treated pressed oil is now distilled in stills 
similar to big. 30, into whicdi stills arc plat'ed 17 11)S. 
of solid caustht soda per 100 gallons of oil. Steam is 
used ill this distillation, and the distillate from the start 
until the worm cud spc('ifi(‘- gravity rcacdics 860 is 
pumyied to tlie second stage hea,vy oil storage tank, and 
th(i rest of the distillate is fraettionated so as to give 
various gi*ades of lubrkaiting oils. For instanc'c, if 875 
and 890 specific gi'avity finished oils were re(]uired, the 
fractionation would be made as follows : — 


From 860 up to 880 specific gravities^ 
at worm end . . . .j ~ 

From 880 up to 910 to 912 specific) 
gravities at worm end . . . j ~ 


875 oil. 
890 oil. 


The distillation is run to dryness, and after the 
distillate reaches the specific gravity of 912 the (jolour 
is very dark, and the smail amount that follows is 
mixed with coal dust and burnt. 
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This distillation yields : — , 

875 lubricating oil distillate. 

Chrysene. 

Soda coke.* 

The 875 and 890 distillates whose actual specific 
gravities ai’c 87Ji and 880 are now cooled to al)oui 20° R, 
and filter and hydraulic pressed. The s<ju('ezings are 
known as pressed lubricating oil distillales, and the waxes 
resulting from the pressings, which liave low melting 
points — 95^ to 105 ' — w^e will call lid uica ting oil waxes. 

The pressed lubricating oil distillates have low Hash 
points, and in order to raise the latter the distillates 
used to 1)0 run into a steaming still, and steam under a 
pressure of 35 lbs. was allowed to ])low through the 
oils for eighteen to twenty hours. The raising of the 
flash point is now usually accomplished by running 
the oils through stills similar to the Coffey still, used 
for extracjting the ammonia from ammonia water, f 

The steamed di,sitillates, after being cooled to about 
70° F., are treated with 3 per cent, and 5 per cent, 
respectively of 170° Tw. acid, and finally with 1 per 
cent, of 2 ' Tw. caustic soda, and arc then allowed to 
settle at a temperature of about 100° F. for four or five 
days in shallow tanks covered by glass roofs and known 
as bleachers. The sun passing through the glass roof 
has a decided bleaching effect on the oils, and at the 
end of a w^eck or so the oils are ready for the market as 
lubricating oils of 875 and 890 specific gravity. 

* Sec ’* Soda Recovery.” t See Fig. 60. 
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Naphtha. 

The scnii-refinecl naphtha from the^^’TIr^coiidenser 
naphtha ’’ is mixed with tlie naphtha from the first 
stage oil stills, and tlien treated with d per cent, of 
170'^ Tw. a(dd, and finally with \ per (tent, of 04'^^ Tw. 
soda. Tint treated naphtha is eharged into steam 
jattketed stills, and distilled with the aid of open 
steam. Fj'om the start (about r>90 speeitie gravity) 
until the sp(‘(‘ifi(t gravity of the distillate stream readies 
700, ('onstitiites ('ornmendal naphtha, but, of course, this 
(tan b(‘ otli(‘rwis(* fra('tionat(td to suit re(|uirements. 
Wlien thi‘ s})e(titic gravity at the worm end reaithes 700, 
bot h tlie o])eji and ja(.'ket staam should lie shut olf, and 
the residuum left in (he si ill pumped to the once-run oil 
storage tank. 

Coke- Tiorer Naphtha. 

The purifi(tatiori of this produett is effected by first 
giving it a treatment with li to I per cent, of 170^^ 
Tw. actid, followed by h to 1 per (tent, of 04° Tw. 
caustic soda. The treated oil is then charged into the 
distilling apparatus shown in Fig. 88, and known as 
the ''Casolinc” still. Referring to Fig. 38, A is the 
still proper, the contents of whkdi are heated by the 
steam coil R, the vapours generated in A passing up 
thrcnij^i the fractionating column C, and over into the 
condenser D. Owing to the very volatile nature of the 
distillate, it is of the greatest importance that it should 
not be allowed to come in contact with the air in its 
passage from the still to the storage tank, and, there- 
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fore, the worm end E is fitted with the vapour tr^p F. 
This trap is made of cast iron and provided on the top 
with an opening G (to allow of ready access to the 
inside) ejosed by the cover II and made vapour tight 
by the lute I. The front of the traj) is recessed to 
receive the thick plate of glass J, wliich is held in its 



tdt <y hrl 

Fifr. 38. 


place })y the ii'on strips K, and the joint made tiglit by 
the use of red-lead putty. The object of the glass front 
is to enal)lc the attendant to see tlie flow of distillate 
and thus judge how the distillation is p^'ogressing. 
The distillate runs tlirough the coniiefttion L into the 
receiving tank, and this latter tank must have a 
perfectly tight (iover, and be fitted with one or more ^ 
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wate:^luted manholes to allow of the escape of vapours 
in case the latter may be generated by the heat of the 
sun, &c. Such generation of vapour may be greatly 
minimised by sinking the tank in the ground, so that 
the latter is just level with the top of the tank. 

Eeferring again to the fractionating column C. Tliis 
is filled with the cast-iron dishes M, which are con- 
structed with the openings N, the upper side of which 
openings arc provided with covers 0. The bottom of 
the covers 0 are provided with the semicircular notches 
P. In placing the dishes in the column it is better to 
place them so that the openings N are at right angles 
to the openings in the dish below, as at X and Y. 

When the distillation starts, the heavier vapours con-* 
dense and fill up the dishes to the height of the raised 
sides Q of the openings N, and the vapours that follow 
on from the still, in order to escape through the notches 
P, have to biibl)lc through a depth of one inch of tlie 
condensed vapours lying in the dishes. In this way 
nothing but tlie very lightest of the vapours can find 
their way to the condenser worm end ; a very perfect 
separation or fractionation is thus obtained. Years ago 
it was customary to use only ordinary connections be- 
tween the still and condenser, and, consequently, more 
or less heavy vapours passed over with the light ones ; 
when t]ie column was adopted it was found that the 
still ran a very much longer time before the required 
bulk specific gravity of the distillate was obtained, and 
that the yield was increased about 10 per cent. 

The distillate from the gasoline still is run from the 
start until the bulk specific gravity reaches 6G1 for 
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commercial gasoline, and then the distillate is turned 
into another tank until the bulk specific gravity reaches 
700, when the distillation is stopped and the residue 
left in the still should be pumped to the treated once- 
run oil storage tank. The second fraction (that has 
the l)iilk specific gravity of 700) ought to be put l)ack 
in the still and redistilled, as it will then yield one or 
two per cent, more gasoline, and the rest of the distillate 
will be fit for the market as refined naphtha. 

The coniic(-tiou E on the still should l)e provided 
with a side outlet leading to the condenser worm, 1)6” 
cause a l)ulk specific gravity of 700 cannot l)e reached if 
the vapours have to pass up through the (*o]umn — the 
steam coil not l)eing designed to supply sufficient heat 
to the vapours (when the latter get heavy) — to carry 
them up through the oil-luted dishes M. 


Pressing. 

In order to extract the wax from the oil the mixture 
is su])jccted to pressure, but before that van be done it 
is necessary that the mixture be first cooled. The 
method adopted for cooling the mixture depends largely 
upon what cold test is desired. 

As the first pressing is usually made at a tempera- 
ture of about 70^ to 80^^ F., the cooling is effected in 
many cases by allowing the heavy oils and wax to stand 
in a large shallow iron tank exposed to the atmosphere 
and stirred every few hours by long handfed wooden 
scrapers. This is an expensive way of doing the work 
as it necessitates the use of considerable manual labour. 

The lower cold test oils (i.e. oils less rich in wax) 
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hav# to })e cooled lower than can be done by exposing 
them, in tlie summer time, to the atmosphere, and there- 
fore artificial means of cooling have to be resorted to. 




Figs. 39 and 40. 


The first artificial cooler that was used was designed by 
the late James Young, and called by him ‘‘ The Drum,’^ 
and is illustrated in Figs. 39 and 40. It consisted of a 

L 2 
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shallow iron tank A, provided with a water-tight cover 
B, which projected a few inches all round ; cold water 
was admitted near the bottom of the tank in jets C, from 
the circle of pipe D, and overflowed through the pipe E. 
The oil to be cooled was run through the pipe ¥, and 
allowed to fall in small streams G upon the surface of 
the (iover B, and on the other side of the pipe from 
which the oil was discharged was secured a scraper H. 
The pipe and its scraper were kept slowly revolving in 
the direction indicated by the arrow J, by means of the 
gears I, and as the scraper removed the solidified oil 
from the surface of B, the streams of oil flowing from 
the pipe F distributed a fresh layer of oil, which went 
m cooling until the revolving scraper came round again 
and removed it. The convexity of the scraper (in the 
direction in which the latter travelled) resulted in the 
solidified oil being pushed over the edge of the cover 
B and falling on the brick floor K, whence it was 
shovelled into bags and then pressed. 

When the trade demanded a low cold test oil, 
Young’s cooler was found to be incapable of giving the 
desired results, and a cooler constructed on the principle 
of Fig. 41, and known as the “cylinder” cooler, was next 
designed. This cooler consisted of the cast-iron cylinder 
A and steel cylinder B, both of which were firmly bolted 
bo the cast-iron ends C, which latter were provide^? with 
stuffing boxes D and fitted with glands. The cylinder 
was mounted on the iron frame E and rotated by 
years that engaged in the cogs F. The lower part of 
ijhe cylinder dipped into the saucer (G) containing the 
)il to be cooled, and cold brine was kept constantly 
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circulating tlirougli the annular space H by meaiffe of 
the inlet I and outlet J. 

As the cylinder slowly revolved its outside was 
coated with a thin film of the oil (contained in the 
saucer G), which the cold brine (contained in the annular 
spa('c H) quickly congealed, and by the time it reached 
the knife K it was cooled down to tlie temperature of 
the brine, and, being detached by the knife, it dropped 
into a trougli, from which it was sucked by a pump and 
discharged into the presses. Although this cylinder 
required very little attention, cooled the oil to practi- 
cally any desired temperature, and was in cviuy way a 
marked improvement over Young’s “ drum,” yet it did 
not give as satisfactory results as were desired, due 
to the fact that the oil was cooled too suddenly and did 
not have time, therefore, to properly crystallise, and 
consequently did not press easily. 

Henderson patented a cooling apparatus that (;on- 
sisted of a jacketed iron trough Laving a U cross 
section and provided with a shaft that passed through 
its centre from end to end, and to this shaft were 
attached scrapers. The trough being filled with oil, 
and cold l)rine circulated through the jacjket, the shaft 
was set in motion, and the rotating scrapers detached 
the oil that congealed on the cooled surfVice, and this 
treatment was continued until tlie wliole of the cot' tents 
of the trough had been reduced to tlie desired tempera- 
ture, when, by opening a valve, the cooled mass could 
be discharged into a press with tlie aid of a pump. 
Macay and Baxter patented a very similar apparatus, 
which was put into use at the Bathgate Works, and 
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rcsuitcd in an improvement in the pressing quality of 
the solidified oil. 



Figs. 42 and 43. 


In 1885 Beilby patented the apparatus shown in 
Figs. 42 and 43, and, without a doubt, it is the best 
form of cooling apparatus that has been so far designed. 
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It consists essentially of the wedge-shaped cells K and 
B, the former — in which the oil is cooled — being smaller 
at the top, and the latter, or brine cells, larger at the 
top than the bottom. The cells A are filled from the 
charging tank I) by raising the plugs C, and the cooling 
medium (water or brine) is circulated througli the cells 
B by pumping it in at the bottom through the valves E 
and allowing it to overflow at the top through the con- 
nections F. The oil cells are provided at the bottom 
with the helical screws or conveyors G, whi(‘h can be 
revolved by the worm-gear II, and the flights of the 
conveyors have a gradually increased pitch towards the 
outlet I, thus preventing undue crowding of the cooled 
material towards the outlet. 

The oil cells are filled in rotation, and as each one 
is filled, the cooling medium is allowed to circulate 
through its cells and absorb the heat contained in the 
oil. The cooling operation is continued until the 
temperature of the contents of the oil cell has been 
reduced to the desired point, when the flow of water or 
brine having been stopped, the conveyor of that cell is 
set in motion and the solidified oil is discharged by it 
through the valve I to the suction of the pump that 
supplies the filter presses. Owing to the shape of the 
oil cell being that of an inverted wedge, it is evident 
that as soon as the conveyor commences to discharge 
the material surrounding it, the cake above is deprived 
of support a‘Qd therefore slides down on to the conveyor, 
and thus the latter is kept constantly and automatically 
supplied with material until the cell is emptied. Besides 
being an economical mechanical device — the machinery 
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only® being in actual use for a comparatively short 
time — it is also designed with a view to doing the 
work from a correct theoretical point of view. 

It must have been noted that by the use of the 
coolers previously considered, the oil was either very 
suddenly solidified or kept in constant motion while 
being slowly solidified. In the first case, the oil had 
not sufficient time to develop a definite crystalline 
formation, and, in the seiiond case, the oils were unable 
to develo]) into large or perfect crystals, owing to the 
constant motion to which it was subjected. In the case 
of Beilby s cooler, the oil is not only (tooled slowly, 
but is also allowed to remain at rest until the cooling 
operation is completed and results in the formation 
of large and well-defined crystals, which, after being 
once formed, may be crushed or broken in their passage 
to the presses without aflecting the pressing quality of 
the material except, perhaps, to improve rather than 
deteriorate it. 

Before leaving the question of coolers, a few words 
must be said in regard to an apparatus designed by 
McCutchon, of Young s Company, which was a great 
improvement over the other forms of continuous-motion 
slow-cooling coolers. It consisted of two cylinders 
A and B (Fig. 44) with an annular space C between 
them.^ In the inner cylinder was placed a conveyor 
D, that had about an inch clearance all round and was 
provided with the scrapers E, that was^ constantly 
pressed against the inner surface of the cylinder by 
the springs F. The end G was provided with a stuf- 
fin^x box H through which the convevor shaft nassprl 
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and the end I was provided with a bearing J foi the 
other end of the shaft, while the centre of the shaft was 
supported by tlie l)earing K. The oil to be cooled was 
pumped through the connection L, and as it beciame 
solidified it was removed from the surface of the cylin- 
der by the scrapers E, and, being carried along l)y the 
conveyor D, was finally discharged througli the con- 
nection M, The cooling medium passed into tlie 
annular space through the connection N, and in its 



Fia. 44. 

passage to tlie outlet 0 was made to travel in a spiral 
course formed by the inner projection P of tlie outside 
cylinder B. 

The construction of tliis cooler could be improved 
by placing the connection N at tlie other end of the 
cylinder and doing the same also with the connection 0. 
By making this change, tlie cooling capacity of the 
cylinder would be increased, and the resulting solidified 
material would -be improved for the reason that the 
latter would leave the cylinder at the point wh^.re the 
cooling medium was coldest, while the inflowing oil 
would first *be affected by the somewhat warmed cooling 
medium, and would thus not be so liable to be too 
suddenly congealed. The cooler as shown in the illus- 
tration is capable of reducing the temperature of 7000 
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gallons of oil from GO® R clown to 30° R per twenty- 
four hours, and it takes one and a half hour for the oil 
to pass from one end of the cooler to the other. 

In the earlier days of the industry, the solidified oil 
was placed in canvas hags and subjected to pressure 
in a vertical S(‘j*cw press. Later, a press worked by 
hydrauli(*- power was built, and consisted of a large 
piston attached to a, rod that descended into a perforated 
iron cylinder about 5 feet in diameter by 4 to 5 feet 
deep. A large canvas l)ag (of the same diameter l)ut 
rather longer than the (cylinder was deep) being placed 
inside the cylinder and filled with the solidified oil 
and then ('Jused and tied, was subjected to pressure by 
forcing the piston down into the perforated cylinder. 
Although a hu'ge amount of oil was expressed and 
escapcnl through the ])erforations, it was found that 
owing to the great unin teiTU])ted depth of material, the 
resulting wax still contained a large percentage of oil, 
and finally, therefore, the hydraulic pi*esses were built 
as shown in Fig. 45. The cylinder A was cast with 
four lugs B, whi(4i curried the upright rods or guides C, 
surmountcid by the heavy ribbed cast-iron head plate D. 
The ram E was provided at the bottom with a leather 
cup packing F, which latter was held in position by the 
plate (x and setrews H, and the upper end was surmounted 
by tliG^ ribbed cast-iron bottom plate I, which latter 
was provided with four lugs J that moved easily up and 
down the* guides C. The press is filled taking 
canvas sheets and placing on them (within given lines) 
a depth of two or three inches of the material to be 
pressed, and then folding them over to the centre from 
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each of the four sides, and when thus filled and folded 

they are sandwiched 
between plates made 
of woven bamboo 
and then placed in 
the press. A press- 
full of these alternate 
layers of sheets and 
plates was subjected 



(by pumping oil or 
wnter in under the 
ram E through the 
connection K), which 
was maintained for 
a sufficient length 
of time to ensure 
all the oil being ex- 
pressed and a dry 
wax being left in 
the sheets. 

The al)ovc hy- 
draulic press re- 
quired very careful 
handling, when deal- 
ing with th€ lower 
cold-test oils, and, 
at tlie best, the work 
was sloppy and the 
results unsatisfactory, and led to the use of filter presses. 
The side view of a filter press is shown in Fig. 46 , the 


to a higli 


pressure 


Fig. 45. 
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constriction of a filter press plate is shown (partly in 
section) in Fig. 47, and a cross section of the plate 
through XY is shown in Fig. 48. The plates are 
constructed of cast iron with a bearing face A (Figs. 47 
and 48) on all sides and a corrugated inner surface B, 
which latter is covered ])y tlie perforated wrought-iron 
plate C, while the wliole is covered by the canvas sheet 
D. The centre of tlie plate is provided with a hole 
into wlii(ih fits the brass sleeve E. This sleeve is pro- 
vided with flanges and is made in two parts which 



Fig. 46. 

screw together, so that after a sheet with a centre hole 
has been placed on each side of the plate, one half of 
the sleeve is passed through the hole in the sheet and 
plate from one side, and the other half from the other 
side, and when these two halves are screwed tightly 
together, their flanges make a fight joint between the 
canvas sheets and perforated plates at that point. The 
hexagon nut portion of the flanges is providecl with the 
slots 1, and as, when two or more plates are placed 
together as shown in Fig. 48, the sleeves touch each 
[)ther and thus prevent the centre of the plates from 
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bending and breaking when under pressure, and^at the 
same time form a continuous passage, from one end of 
the press to the otlier, the slots form means of commu- 
nication between the central passage and the space G. 



Fias. 47 and 48. 


When a press is “ made up ” as in Fig. 46, all the plates 
A' and cloths are squeezed tightly together by the 
screw B' with the aid of the handled wheel (y. The 
cooled oil is pumped into the press through the connec- 
tion H, and passing through the continuous passage 
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formed by the sleeves F, fills up all the spaces G, and, 
as the pressure rises, the oil filters through the cloths 
D, and passing through the perforated plate C, runs 
down tlie corrugations B and out through I, while the 
wax remains behind and fills the space 6. 

The perforated iron plate in the filter presses is 
designed to take the place of the bamboo plate of the 
hydraulic presses, l)ut in reality there is a great difference 
in tlie utility of the two plates. In pressing a mixture 
of a li(juid and solid, the liquid leaves the solid at riglit 
angles to the pressure, and, therefore, as the pressure 
on a cak('- of wax in a filter press is exerted through the 
slots F, it is evident that the oil will leave the cake in 
the direction of the pcrfoi-ated plate, but in the case of 
the hydraulic {)ress, the bamboo plates are parallel with 
the pressure, and consequently no oil filters through to 
them (except at the very start) as it leaves the cakes of 
wax at tlie edges — which are the points at right angle to 
the pressure. When the oil is expressed from the wax, 
it passes away hetiveen the crystals and not through them, 
and as, by examining a cake of wax as it is taken from 
the hydraulic*, press, it will be seen that the crystals or 
scales lie parallel with the pressure (i.e. lengthways with 
the cake), it is proof that this assertion is correct, and 
also, that solid plates would give as good results in a 
hydraulic press as bamboo or shtted ones. In the case 
of the filter presses, the crystals or scales lie crossways 
of the cake, and again, therefore, parallel with the 
pressure, and consequently, perforated plates are neces- 
sary at the sides of the cake, in order to give the oil a 
free outlet. 
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Wax Eefining. 

In the early days, the refining of crude scale was 
partly accomplished by breaking the scale up fine and 
then placing it in perforated tin cans and wasliing it 
with successive quantities of naphtha. In this way a 
large portion of the oily colouring matter was removed, 
but as the demands of the trade became more exaciting, 
other and more efficacious methods had to be adopted. 

Most of the refiners adopted an acid and soda, treat- 
ment for starting the refining process, and treated tljc 
melted crude scale (at a temperature of about 1 5 to 20 
degrees F. al)Ove its melting point) with 1 J to 2 per 
cent, of 148° Tw. acid, and afterwards witli 82 lbs. of 
carbonate of soda (in the form of a 4° Tw. solution) to 
every 100 gallons of wax. The clear settled wax then 
received 25 to 30 per cent, of squeezings from the 
second naphtha treatment (sec below), and was run into 
galvanised iron pans and allowed to cool — forming cakes 
about 24 inches long, 12 inches broad and 3 inches 
thick. The pans with their solidified contents were' 
turned upside down on pieces of sacking, in which the 
cakes were then separately wrapped and then placed in 
a horizontal hydraulic press enclosed in woodwork and 
kept at a temperature of about 100 ° to 130° F. (accord- 
ing to the required melting point of the resulting wax). 
After being pressed for about two hours, the wax left in 
the sacking*was thrown into a tank, melted Jtod mixed 
with 12 to 15 per cent, of 755 specific gravity naphtha, 
and then run into pans and cooled. The cool cakes were 
hot pressed, and the resulting wax was then steamed 
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with •open steam for eighteen to twenty hours, and 
after settling for a few hours the wax was pumped to 
the char * treating tank and mechanically agitated at a 
temperature of 240° F., with 2 per cent, of char. The 
char-treated wax having been settled for ten to fifteeft 
hours, was next run through large sheets of filter paper 
(placed inside a perforated tin cylinder) in order to 
remove any char that had not settled out, and finally it 
was cast into cakes, cooled, packed and was then ready 
for the market under the name of twice-washed or 
semi-refined wax. 

The squeezings from the first pressing were run into 
a still, and, the naphtha having been steamed off with 
open steam, the residue was converted into a cheap 
grade of wax by giving it a hot hydraulic pressing, 
and put on the market under the name of Eecovered 
Wax. 

The squeezings from the second naphtha pressing 
were used for the first naphtha treatment, as stated 
above. 

With the introduction of caustic soda into the 
residuum stills, the colour of the crude wax was so 
improved that the acid and soda treatment was no 
longer necessary, and the wax was refined by being 
mixed with 55 to 56 per cent, of No. 2 squeezings (see 
below), cast into cakes and then hot hydraulic pressed 
under a pressure of about 30 lbs. on the square inch of 
the cake. The expressed oil was steamed w order to 
recover the naphtha, and the wax left in 'the still was 
either pumped amongst the crude wax or, after a treat- 
* See “Char.” 
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ment with | per cent, of 148° Tw. acid, was packed 
into boxes and sold to the manufacturers of inferior 
and cheap candles. 

The wax left in the hydraulic press was thrown into 
a tank and melted and then converted into semi-refined 
or, refined, wax by the following further treatments. 


Semi-RefiMcl Wa>v, 

If this grade was required, the above melted wax 
was steamed for fifty-five to sixty hours, with 20 lbs. 
pressure steam, and was then treated with 0*5 to 0*6 
per cent, by weight of char, filtered, cast into cakes, 
packed, and was then ready for the market. 


Refined Wax. 

In making this grade, the once-pressed melted wax 
was mixed with 60 per cent, of No. 3 squeezing (see 
below) cooled, hot pressed, thrown into a tank and 
melted, and was then known as twice pressed wax. 
The squeezings from this second pressing (= No. 2 
squeezings) were used for the first naplitha treatment. 

The twice-pressed wax then received its final treat- 
ment with 35 to 40 per cent, of fresh 755 specific 
gravity naphtha, and, after being cooled, pressed, &c., 
was treated with 0*6 to 0*7 per cent, char, panned and 
packed, was ready for the refined wax market. 

The squeezings from this last pressing (= No. 3 
squeezings) were used for the second naphtha treat- 
• ment. 
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Sweating Process, 

Owing to the great liability of explosions and fire 
resulting from the use of volatile naphtha in refining 
wax, and to the great cost due to the enormous loss of 
naphtha by evaporation, extensive experiments were 
made some twelve years ago to determine the practica- 
bility of refining wax by means of heat only. In the 
first experiments, an iron structure about 12 feet long, 
4 feet wide and 6 feet high was constructed and fitted 
with sloping iron shelves about 9 inches apart, and the 
whole was heated by means of a steam coil placed on 
the floor of the structure. The iron shelves were 
covered with coarse cocoa-nut matting and the crude 
wax feast into suitable sized cakes) having been laid on 
this and the doors beijig tightly closed, a little steam was 
turned on the coil. In a few hours, the oil commenced 
to sweat out of the wax, and then the temperature was 
gradually increased until finally the desired colour of 
wax was ol)tained, and tlien steam was shut off and the 
doors thrown open. The wax that remained on the 
matting was I’cnioved by hand, melted in a tank and 
then treated with (^har, and was ready for tlie market. 

Tlie experiments, as far as they went, were eminently 
successful, but, there was an opening for decidedly 
reducing the working costs of this process, and Norman 
Henderson quickly availed himself of the opportunity 
and invented and patented an apparatus that reduced 
the cost to sucli a low figure, that it will probably be 
many years before any cheaper method of refining wax 
is discovered. Henderson's patented apparatus consists 

M 2 
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of a substantial brick building or “ oven '' 52 feet^ong, 
13 feet wide and 12 feet high, in which is erected an 
iron framework composed of cast-iron uprights held 
together by iron piping, the latter acting also as heating 
coils. On these coils arc placed iron trays 21 feet long, 
6^ feet wide and inches deep, and 1^ inch above 
the bottom of each of the trays is secured (on piping or 
rods resting on angle iron that is riveted to the inside 
of the tray) a diaj)hram made of 2 5 -mesh brass wire 
gauze. All the trays — which number nine in lieight 
and two in length, making a total of eigliteen — are 
fitted with adjustable side outlets at the bottom of one 
of the sides and midway between the two (‘nds. 

In order to charge the apparatus, water is first run 
into the trays, the outlets of whi(ih are raised so that 
the water just covers the diaphragm before it overflows 
through tlie outlet ; tlien the trays are filled (to within 
an inch of the top) with melted wax, which latter is 
cooled by water that is kept constantly flowing in 
under the diaphragm, and by the air that circulate^ 
throughout the building. When the wax has been 
cooled to the desired point the water is shut off, the 
tray outlets lowered so as to drain the pans, and after 
the doors of the building have all been closed up tight, 
steam is admitted to the coils and the sweating process 
is thus started. The temperature to which the oven is 
heated depends upon the melting point of the wax under 
treatment and the required melting points ofithe resulting 
wax. A refirfed wax made by this process cannot be dis- 
tinguished from a naphtha refined wax, buj^|[ course a 
sweated wax must be finished with a char treatment. 



WAX DEFINING. 
Char, 



It was many years before the peculiar smell of a 
non-char treated wax could be removed and the present- 
day bluish-whiteness could be obtained. When wax 
was first refined, it was treated with either animal 
charcoal or fullers* earth, but the results were uncertain 
and, at the best, unsatisfactory. 

In 18G4, John J. Lundy, who was a large chemi- 
cal manufacturer, of Leith, near Edinburgh, called tlie 
attention of Andrew Taylor, F.C.B. (owner of a small 
oil work at Upliall) to a by-produ(d ()f the manufacture 
of “prussiate of potash,** and suggested its possible use 
as a decolorising and deodorising agent for wax. 
Experiments proved that this prussiate of potash (diar 
did the work so perfectly and gave such superior results 
over anything that has so far been tried that Taylor 
immediately adoped its use, and until the secret of his 
success was discovered his waxes brought the liigbest 
p®ces of any in the market. Since this char became 
generally used for the final wax treatment nothing 
to be compared with it has so far been discovered, 
and it bids fair to hold its own for many years to 
come. * 

Having now followed the oil and gaseous products 
of the dj^stillation of shale f-om start to finish, the 
various distillations and processes through which the 
oily products afterwards passed may be somewhat easier 
memorised or followed by studying Diagram II. Of 
course it must not be supposed that all the companies 
^ adopt exactly the same methods of distillation, fraction- 
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ation ^nd treatment above described, as each company 
has its own fads, which finally result in finished products 

DIAGRAM 3. 



CHRVSdNE 
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that are neither better nor worse than can be obtained 
by the above 'modus opera'ndi 

Diagram III. has been prepared for the purpose 
of sliowing at a glance the relative yields of various 
products from shale. 



CHAPTER V. 


AMMONIA WATER. 

It was many years after the Scotch Mineral Oil Industry 
had been started before the value of the water from the 
coal or shale retorts was discovered. The water was 
looked upon as a necessary nuisance, and was run into 
the sewers that discharged into the small rivers or 
“burns,” that ran past the various works, but in 1865 
its value was discovered by accident by Robert Bell, of 
Broxburn, who kindly sent the author the following 
information : — 

lie (Mr. Bell), like the other oil-work owners, had 
been disposing of his retort water by running it into a 
small stream, and the latter became so polluted that 
the water was rendered undrinkable, and the trout and 
other fish were nearly all killed. The Rivers Pollution 
Commissioners were soon on BelFs track, and when the 
latter found himself entangled in an expensive litiga- 
tion, he immediately stopped running the water into 
the stream and turned it into a field instead. Shortly 
after making this change, he noticed the ground over 
which the water ran was wonderfully productive, and 
that the grass grew apace. After turning this matter 
over in his mind he concluded that the water must have 
some properties that had so far not been credited to it. 
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and he at once set about experimenting with it, yhich 
experiments resulted in his starting the manufacture 
of sulphate of ammonia as a by-product of the distilla- 
tion of shale, and this product was first placed on the 
market by Bell in May 1865. 

Use and Impurities op Sulphate of Ammonia. 

The sulphate of ammonia manufactured by the 
Shale Oil Companies in general is by no means a pure 
article, although some makes are considerably purer 
than others. 

The principal impurities met with in these com- 
mercial sulphates are : iron, arsenic and more or less 
oily bases, but the presence and quantities of tliese 
impurities depend largely on the kind of sulphuric acid 
used in the manufacture. One of the companies used a 
“ sulphur ” acid,* and as that docs not contain either 
iron or arsenic, the sulphate of ammonia resulting from 
its use was consequently free from ])Otli those impurities. 
Other companies used ‘‘ pyrites ” acid,f and as that 
pontains large quantities of both iron and arsenic, those 
impurities entered more or less into the composition of 
the sulphate made from that acid. Again, some of the 
companies used Kecoveredf Acid in the sulphate of 
ammonia manufacture, and in that case the sulphate was 
impregnated with more or less oily bases, and, if the 
original acid were a pyrites acid, iron and arsenic were 
also present. 

* That is, sulphuric acid made from sulphur or bniuBiuuo. 

t That is, sulphuric acid made from iron or copper pyrites. 

J Bee “ Eecoverod Acid.” 
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Considering that commercial sulphate of ammonia 
is principally used as a fertiliser, and that, largely on 
the sugar plantation of the West Indies, it is evident 
that the presence of the three impurities above named 
is not detrimental, and no one with common sense 
ought to take ol ejection to eitlier tlie smell or colour of 
sulphate of ammonia that is to be used as a fertiliser, 
and so long as it contains the guaranteed percentage 
of ammonia they should be content, because it is the 
ammonia that does the work, and the presence of the 
above impurities will not detract from the good results 
in any way. However, the various conjpanies in tiying 
to oust each other’s product by expatiating on the 
superior colour and therefore purity of one make over 
another, has led the consumers to l)clicve that a light- 
coloured sulphate is a better fertiliser than a dark- 
coloured one, and, consequently, it is necessary nowadays 
to manufacture as light coloured a product as possible 
in order to find a suitable market for it. 


Sulphate of Ammonia Manufacture. 

The general arrangement of the apparatus used in 
the manufacture of sulphate of ammonia is shown in 
Fig. 49, in which A is the still, B the acid, and C the 
alkaline “ cracker boxes,” D the settling tank, and E 
the evaporating box in the ‘‘ ammonia house ” F. The 
vapours from the stills pass into the n'ain G, which 
supplies the cracker boxes through tin? connections H, 
and the spent water runs off through the connection I. 
As a large volume of sulphuretted hydrogen, carbonic 
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acid gas and steam result from the operation, and as 
this mixture would seriously pollute the atmosphere if 
allowed to escape, the cracker boxes are fitted with 
tight covers and provided with the outlets J that con- * 
nect into the main K that conducts the vapours away 
to be disposed of in the way to be presently explained. 
When a cracker box is ready to be emptied, the damper 
L is closed so as to prevent the vapours from the other 
boxes l)acking up into it. All the stilJs should be 
provided with valves M, that enable a still to be shut 
off' from the rest when repairs, &c., are needed. 

Before explaining the working details, it will be wise 
to first examine the details of the construction of the 
apparatus so that the details of the manufacture may 
be more easily understood and followed. 

Ammonia Still. 

The method that was first adopted for extracting 
the ammonia from the water was to boil the latter in 
horizontal boilers and conduct the vapours through a 
main to the cracker boxes ; but this method resulted in 
a considerable loss of ammonia, and was, generally, an 
expensive way of working. The loss of ammonia was 
due to the inability to drive off sufficient of the ammonia 
contained in the water, and as the spent water left in 
the boiler often contained as much as an equivalent of 
100 grains* of sulphate of ammonia per gallon when 
blown off into the sewer, it will be seen that the loss 
was considerable. 

About the year 1882, Beilby patented the ammonia 
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still shown partly in section in Fig. 50, and although the 
general construction is not particularly original — being 
patterned after CoflFcy^s still — it has one or two points 
that make it particularly well adapted for the purpose 
for which it is intended. The main body A of the 
still was composed of two castings isecurely bolted 
together, and on the upper end was bolted the feed and 
outlet connection B, and to the bottom, the pressure 
leg C. The object of the leg was to enable a sufficient 
depth of water being maintained in the still to over- 
come the internal pressure without trapping or luting 
the openings in the plates or otherwise interfering with 
the working of the still. The space from the under side 
of the casting B to the top of the casting C was filled 
with the cast-iron plates D, E, F and G. The plate D 
was constructed for the purpose of supporting the plate 
next above it at a suitable lieight from the casting C, 
and its construction is shown in plan in Fig. J)\ The 
plates E and F were respectively concave and convex 
upwards, and by looking at the plans E^ and F‘ it will 
be seen that the passages in the former were placed 
near the periphery, while the passages of the latter were 
central. As these plates were placed alternately in the 
space above D it is plain that the descending water 
and ascending steam had to travel in a zigzag course, 
andj^fie steam, which was admitted through the com- 
nection H was thus brought into intimate contact with 
the descending ammonia water that entei'ed at the top 
through the connection L The reason for designing 
the plate G witli the cup J on the top was to ensure 
an even distribution of the inflowing water over it. 
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The action of the still was continuous ; the anmionia 
water entering at the top was deprived of the greater 
portion of its ammonia before it overflowed through the 
outlet I (Fig. 49), by the action of the 20-lb. pressure 
steam that entered at H and passed upwards and 
out through the connection K, carrying the ammonia 
vapours with it. 

Crackkr Boxes. 

The cracker boxes arc the vessels in wliich the 
action between the ammoniacal steam and the sulphuric 
acid takes place, and they arc called ‘‘ cracker ” boxes 
on account of the cracking noise that results from the 
steam blowing in amongst the comparatively cold 
contents of the boxes. 

These boxes or tanks (A, Figs. 51 and 52) should 
be made of 1 to inch iron, and be cylindrical in 
form. The inside must be lined with lO-lb. lead and 
the top should be provided with the wooden cover B 
having the sliding door C and the opening for the 
connection D. 

As ammonia quickly destroys brass and other copper 
alloys, and as iron would be as quickly destroyed by 
the weak sulphuric acid, it is evident that the valves E 
need to be specially constructed. The usual method of 
constructing these valves is to cast the main part or 
body in lead and fasten to it the two iron lugs P 
which hold the cross bar G with its screw' H in place. 
The end of tl]e screw H is enlarged, so as to fit the 
space between the iron disc I and the two half-rings J. 
To the centre of the iron disc I is riveted a disc of 
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rubber K, and the latter is riveted around its edge to 
the projecting flange L of the body but two or 
three inches of the bottom edge of the rubber are left 
unriveted, so that when the disc I is drawn outwards 
by the screw H, the contents of the cracker box flow 
out through the opening formed between the unriveted 
portion of the rubber and the body of the valve. When 
the iron disc is forced inwards by the screw, it forms a 
tight joint by pressing the rubber against the flanged 
body of the valve. 

The ammoniacal steam is distributed in the cracker 
box by means of the perforated lead pipe M. 

The cracker box is represented in Fig. 52 as having 
a flat bottom, but it is necessary in the case of tlie acid, 
and preferable in the case of the alkaline boxes to have 
the bottom somewhat dished and fitted in the centre 
with a connection closed by a lead plug actuated by a 
rod passing up through the cover. That construction 
allows of the boxes being periodically and thoroughly 
cleaned at a small cost for labour. 

Settling Tanks. 

The settling tanks should be constructed of the 
same weight material as the cracker boxes, have 
dished bottoms, be lined with lead, but need not be 
provided with covers, although it is better W have the 
latter, as they lleep our dust and dirt. 
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Evaporating Boxes. 

These may be conveniently and cheaply constructed 
of wood lined with 10-lb. lead. The best sizes for 
these boxes is about 12 feet long, 4^ feet wide by 
1^ feet deep. The inside must be provided with a 
2-inch lead coil of about six horizontally parallel 
strands of pipe along each of the sides and ends, and so 
placicd as to leave a clear space of 9 feet in length by 
li foot in breadth in the centre of the box. Also, the 
coil should be supported about 3 or 4 inches above the 
bottom of the box. 


Working Details. 

Supposing the apparatus to 1)C in working order, and 
two acid cracker boxes having been charged lialf full 
with acid, the steam is turned on the stills and the 
ammonia water feed started. The volume of steam is 
so regulated that the pressure in the still is not quite 
sufficient to cause the steam to blow out through the 
overflow I (Fig. 49), and the feed is so regulated that 
the “ spent” water flowing from I does not contain more 
than a certain amount (the actual amount will be referred 
to later) of ammonia. 

The ammoniacal steam from the stills is now allowed 
to enter one of the cracker boxes (by opening the cock 
on the connection H, Fig. 49), and the absorption of the 
ammonia by the acid is allowed to continue for three 
hours, at the end of which time the supply of ammonia- 
cal steam to that box is shut oft* and opened to the other 

N 2 
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box. The contents of the first box are now allowed to 
settle for two and a half to three hours, and are then 
transferred to an alkaline box (B, Fig. 49) by means of 
a light trough that can be placed under the valve N and 
reach across to the opening in the cover of B. As soon 
as the transfer is completed, the second acid l)ox will 
have received sufficient ammonia, and its supply is 
therefore shut off* and the ammoniacal steam allowed to 
enter B and blow through the contents for about one 
hour after the smell of ammonia first becomes apparent. 
About three hours’ steaming are necessary in the alkaline 
box to ensure thorough saturation, and, consecjuently, by 
the time the contents of this box are saturated, the 
contents of the second acid box have been transferred to 
a second alkaline box and are ready to receive the 
ammoniacal steam as soon as it is shut ofl* from the first 
alkaline box. 

While the alkaline boxes are being steamed, the atdd 
boxes are being recharged with acid, and so the opera- 
tion goes on frojn one week s end to another. 

As soon as the saturation of the contents of the 
alkaline box is completed, the valve is at once opened 
and the contents are run to the settling tanks 1), where 
they are allowed to settle for six or eight hours, and if, 
at the end of that time, the liquor is free from any 
sediment it is charged into the evaporating or crystal- 
lising boxes E. 

After the evaporating box has been filled to within 
3 or 4 inches of the top, steam is turned into the coil 
and the liquor is boiled down to about one-third of its 
^original volume, and about nine to ten hours are 
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required in order to effect this reduction. The steam 
is now shut off and the sulphate of ammonia crystals 
that lie in a thick layer on the coils and in the space 
between the coils are removed by means of long, broad 
wooden shovels and placed on sloping tables to drain. 
After all the crystals have been “ fished out, some 
3 or 4 inches of mother liquor will be left in the box 
and mixes with the fresh liquor from the settling tanks 
when the box is refilled. 

The crystals should be allowed to remain on the 
draining tables for five or six hours and then be trans- 
ferred to the drying room, which latter must be lieated 
by a steam coil or other means to a temperature of 1 to 
120*^ F. After four or five days’ exposure in the drying 
room (during which time the mass of crystals must 
be frequently separated and turned) the sulphate of 
ammonia should l)c quite dry and, after all lumps have 
been broken, ready for packing into bags and delivery 
in the market. 

The latter part of the process could be greatly 
cheapened by placing the crystals as they are taken 
from the evaporating box into a centrifugal dryer 
fitted with a bottom emptying arrangement like those 
used in sugar refining, and the contents of the centri- 
fugal dryer could then be emptied into a hopper that 
would f^pd a revolving cylinder. The (;ylinder should 
be about 12 feet long and 3 feet in diameter and 
provided on the inside with a snugly fitting spiral 
steam coil, the strands of which should be about 3 
inches apart ; one end of the cylinder should be about 
3 inches lower than the other. The slanting position 
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of the cylinder, together with its rotary motioix, wi] 
cause the sulphate of ammonia entering it through th 
hopper at the high end to travel slowly towards th 
lower end, and by the time the lower end is reached th 
sulphate will not only be perfectly dry, but will also b 
free from lumps due to the tumbling it would be subjectc( 
to in the cylinder. To complete the arrangement, th( 
lower end of the cylinder should be placed over a hopper 
from which latter the bags could l)e filled quicker am 
by one-third of the labour employed to do that work a 
the present time. 

With a properly designed drying plant one man fo] 
each shift (day and night) could easily attend to the 
crystallisation, drying and packing of all the sulphat( 
of ammonia turned out at any one of the Scotch works, 
and, if such an apparatus as above described were pui 
into use it would pay for itself in a very few months. 

As the valves on the acid cracker boxes are situated 
about 4 to G inches above the bottom, that depth would 
of course become filled with the settled precipitates il 
the boxes were not periodically cleaned by raising the 
plug that closes the hole in the centre of the dished 
bottom and washing the settlings or mud ” down into 
another cracker box kept for the purpose. After suffi- 
cient cracker boxes have been washed out to fill the 
“ mud ” cracker box the ammoniacal steam is turned 
into the* latter, the resulting liquor is settled and as 
much of it as possible is run to the settling tanks. 
What is left in the box should then be washed with its 
own volume of water, steamed and settled; and the 
clear solution having been run to the settling tanks*, the 
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residue left in the box can be removed and thrown 
away. 

The settlings from the settling tanks should be 
treated in the same way as the settlings from the acid 
cracker boxes. 

After the evaporating boxes have been running for 
a week or so, the mother liquor will become decidedly 
acid and the crystals of sulphate of ammonia will then 
be exceedingly small and hard to dry. Therefore the 
acid mother liquor should either be transferred to an 
alkaline cracker box and steamed, or else allowed to 
remain in the evaporating box, and be rendered alkaline 
by the addition of a fairly strong solution of aqueous 
ammonia. 


Chemistry of Sulphate of Ammonia Manufacture. 

The chemical action that takes place in the cracker 
boxes depends, to a certain extent, on the kind of acid 
used. 

^'Sulphur'' Acid. 

If this acid is used there will be no need of settling 
tanks, and only one cracker box will be required, as the 
acid does not contain iron and arsenical impurities, and 
therefore \here will be no precipitates to settle out. 

Recovered '^Sulphur'' Acid.* 

In the event of this acid being used, a separation of 
oily bases will take place when the acid has become 
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thoroughly neutralised by the ammoniacal steanf, and, 
consequently, it will be necessary to allow the contents 
of the cracker box to settle for one and a half to two 
hours before drawing it off ; and to provide a connection 
into which the bases can be run after the liquor has 
been drawn off. 


Pyrites Acid. 

This acid, as we have already seen, contains iron 
and arsenic in solution. 

All ammonia water from the retorts contains more 
or less sulphur in the form of sulphide of ammonia and 
sulphuretted hydrogen, and when the ammoniacal steam 
is turned into the acid cracker boxes a considerable 
volume of sulphuretted hydrogen is consequently 
evolved. 

Sulphuretted hydrogen precipitates arsenic from an 
acid solution. 

Precipitated sulphide of arsenic is re-dissolved by an 
alkaline solution. 

Sulphuretted hydrogen precipitates iron from an 
alkaline solution. 

From the above it must l)e evident that when a 
pyrites acid is used it is absolutely necessary to use 
both an acid and alkaline cracker box, if both of the 
acid’s impurities are to be extracted. It is alsp evident 
that the arsenic is precipitated, by the sulphuretted hy- 
drogen, in the acid cracker box, and thus necessitates 
the contents of the latter being settled for three hours 
before being transferred to the alkaline box, in which 
latter any arsenical precipitate would be re-dissolved. 
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W« have seen that iron is only precipated, by sul- 
phuretted hydrogen, from an alkaline solution ; therefore 
if the ammonical steam were shut off from the alkaline 
box as soon as alkalinity was reached it is quite plain 
that little or no iron would be precipitated, and that, 
consequently, it is necessary to continue the process for 
an hour or so longer, in order to allow the sulphuretted 
hydrogen to precipitate the iron. As the sulphide of 
iron preciipitate takes longer to settle than the arsenical 
precipitate does it should not be settled out in the 
alkaline })oxcs, as such procedure would necessitate 
increasing the number of those boxes, and an increased 
expenditure as compared with providing the cheaply 
made settling tanks. 

llecAwered Pyritef^ Acid. 

This contains oily bases as well as the iron and 
arscnic'ul impurities. Furthermore, the iron which was 
present in the original acid as ferrous sulphate has 
(during the passage of the acid through the refining and 
recovery processes) become oxidised and converted into 
ferric sulphate. 

Sulphuretted hydrogen reduces ferric sulphate to 
ferrous sulphate. 

Sulphuretted hydrogen will not commence to preci- 
pitate irqn until the latter is in the ferrous state. 

It is plain, therefore, that when recovered acid is 
used, the ammoniacal steam must be passed through 
the alkaline boxes for a longer period (»fter saturation 
than in the case of the original pyrites acid, or, other- 
wise, the whole of the iron will not be reduced or 
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completely converted into sulphide, and in thaA case 
the liquour will not settle properly. 

From the foregoing it will have been noticed that 
besides noxious gases and steam being carried off 
through the connections J and K (Fig. 49), a large 
escape of ammonia in the same direction must also take 
place (from the alkaline boxes), and if these gases, &c., 
were passed in under furnaces and burnt, it must result 
in a large loss of ammonia. In order to prevent that 
loss it is evident that the vapours from the cracker 
boxes should be led back to, and forced into, the retorts, 
either by the use of a steam injector or other suitable 
apparatus. 

If arsenic is present in the liquor that is evaporated 
to crystallisation, it will give the sulphate an objec- 
tiona])le yellowish colour. If iron is present it will 
give a reddish-brown colour. More or less bases are 
always present in the crystallised sulphate if recovered 
acid is used, and invariably gives the sulphate a pecu- 
liar disagreeable odour, besides a reddish colour, which 
latter becomes more pronounced the longer the sulphate 
is kept and exposed to the air. 

Two gallons of ammonia water contain enough 
sulphur to precipitate the whole of the arsenic and iron 
contained in one gallon of 63^ Tw. recovered acid, and 
as one gallon of the latter will neutralise aly^ut 120 
gallons of ammonia water (containing the equivalent of 
500 grains of sulphate of ammonia per gallon), we see 
that the ammonia water contains about sixty times 
as much sulphur as is necessary to precipitate all the 
arsenic and iron, and therefore there is no excuse for 
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havings any of these impurities in the crystallised 
sulphate. * 

The vapours leaving tlie acid cracker boxes contain, 
on an average, 3*8 to 5*7 per cent, by volume of 
sulphuretted hydrogen ; while those from the alkaline 
boxes ('ontain 0*1 to 0 * 7 per cent. 

The rcdu(ition in gravity from G3° or 70° (for the 
acid) to 44° (for the saturated liquor) is due partly to 
the absorption of the ammonia gas and partly to the 
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fact that the volume of the acid is increased about 20 per 
cent, by the steam that condenses in the cracker boxes. 

The oily bases separated in the alkaline boxes should 
be run to a’ storage tank for liquid fuel. If properly 
burnt, a ton of oily bases is equal to fully three tons of 
coal. In order to get the best results, it is necessary 
that the bases should be injected into the furnace, and 
two very suitable forms of injectors for this purpose are 
shown in Figs. 53 and 54, which are designed for work- 
ing with 20 to 30-lb. pressure steam. 
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The strength of acid used in this maiiufactiife is of 
importance. If too weak, it entails a large expense for 
steam in order to elfcet the evaporation and crystallisa- 
tion, and if too strong, the sulphate will crystallise out 
in the settling tanks and cause trouble. 

Experience h^is shown that 44° Tw. is the most 
suital)]e strength for the sulphate of ammonia liquor 
that is run to the settling tanks. This gravity can be 




easily maintained, by carefully watchuig and regulating 
the gravity of the acid charged into the acid cracker 
boxes. If recovered acid is used, the strengUi should 
be 63° Tw, — if original pyrites acid is used, the strength 
should be 70° Tw. — which is C(juiva]ent to 63° Tw. in 
recovered acid^ as the lighter gravity of the latter is due 
to the presence of the oily bases. 

Tlie strength of the ammonia water received from 
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ilic retort department is liable to large variations. The 
:|uantity «•)£ steam used in tlic retorts of course regulates 
the strengtli of tlie resulting ammonia water to a large 
extent, but if the (quantity of steam used is the same in 
ill eases, then the strength of tlie ammonia water will 
v^ary a(*eording to the seam of sliale or form of retort 
ased. As some seams of shale yield twice or tliree 
times as much ammonia as others, the water from some 
is coiTesj)ondingly stronger than that from others. As 
the Young and Beilby retorts yield fi'om three to six 
times moi’e ammonia than the IlendersoTi retorts do 
[from the same shale), the Young and Beilby ammonia 
watej’ is consequently three to six times stronger than 
the Henderson. On an average^ the strengtli of am- 
monia waters may be said to be 550 grains of sulphate 
of ammonia per gallon from tlie Henderson retorts and 
2000 grains per gallon from the Young and Beilby 
retorts. 

As r(‘gards the spent water overflowing from the 
ammonia stills, we have seen that in the case of the old 
form of ‘Oioiler ’\still, the blow-oft* water contained as 
much as an equivalent of 100 grains per gallon, but in 
the case of the B(*ill>y still, the figures usually vary 
between 18*5 and 35 '0 grains per gallon, and if the 
stills are (carefully and properly watched there is no 
reason why the figures should exceed 25 grains. 

One of Beilby s ammonia stills of the size shown in 
Fig. 50 will distil 7470 gallons of ammonia water per 
twenty-four hours, and will reejuire about 360 gallons of 
water in the form of 20-lb. pressure steam. 

On an average, a sulphate of ammonia plant uses 
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about isdo gallons of water in the form of 20-11). pres'^ 
sure steam per still per twenty-four hours. This includes 
the steam used for all purposes, such as stills, evapo- 
rators, drying coils, engines, &c. 

Dry sulphate of ammonia after being sifted through 
a ^-inch mesh sieve weighs 53| lbs. per cubic foot if the 
measure is shaken while being filled, or 48 lbs. if the 
measure is filled without shaking. 

Methods of determining the strength of ammonia 
water and crystallised sulphate of ammonia are fully 
described under the heading Laboratory.” 



CHAPTER VI. 


DISTILLING DATA. 

The life of the various stills depends, greatly upon 
the treatment they receive at the hands of the stillmen, 
the quality of the oil distilled in them and the quality 
of the iron used in their construction. 

]f the Stillman opens the furnace door and draws the 
damper leading to the chimney too soon after the distil- 
lation in a coking (= crude, heavy residuum and soda) 
still is finished, the current of cold air passing around 
the still is very liable to crack the heavy cast-iron 
bottom, and, therefore, before this means of cooling is 
resorted to, the red heat (of the coke left in the still) 
should be first reduced by blowing steam into the still 
for four or five hours. These stills usually start to 
crack after about the 100th to 150th distillation, and as 
these cracks arc usually small or short, they can be 
easily and effectually repaired by placing a patch of 
wrought iron over them and securing the patch by 
bolts that arc screwed into holes that are first drilled 
and tapped into the cast iron. The joint between the 
cast iron find the patch should be made tight by the 
use of a mixture of black oxide of manganese and oil. 

Table XX. gives the life of the coking stills, or num- 
ber of months they are in use until their conefition becomes 
so bad that they have to be replaced by new ones. 
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Table XX. 


Name of Still. 

Average Number 
of Months in 

Use. 

Average Number 
of Distill.itions 
; Made. 

1 

Crude oil . 

51 

i 100 

Heavy residuum . 

i 31 

1 

310 

Soda 

; .w 

1 

430 


Before tlie use of steam iu the stills, the life was 
very miuJi shorter owing to the larger amount of coke 
left in the still and eonse(]uent higher luvat necessary 
to ‘Slry off” tlie still. The reason why the heavy 
residuum have a shorter life, and the soda a longer life 
than the crude f)il stills, is because the first deposit more 
and the second less coke than the latter stills do. 

The amount of coke formed in the stills is shown in 
Table XXL, and the weight given for the soda stills is 
minus the weight of the causti(i soda placed in the still. 


Table XXL 


Condition of Distillation. 

1 Name of Still. 

1 . . __ _ 

Crude Oil. 

Heavy llesiduum. 

Soda. 

Lbs. of Coke per 1000 Gsllons Charged. 

Without steam 

Steam after wax began toi 
show in distillate . . | 

Steam througbolit distilla- 1 
tion . . . .j 

54-81 j 

1 

51-18 

37-33 

- i 

• 

45-00 

15-30 
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The life of the light oil stills is many years, and they 
practicMly never need to be wholly replaced, as they are 
not subjected to any very excessive heat, and, if properly 
looked after, an occasional patch on the bottom or a new 
bottom once in a great while is all that is really neces- 
sary. 

The quantity of steam used in the various distil- 
lations is shown in Table XXIL, and is expressed in 
gallons of water. The pressure of the steam should not 
exceed 20 lbs. per square inch, and it is important that 
the pressure at the boilers should be kept steady, as a 
fluctuation seriously affects the running of the stills and 
the quality of the distillate. 


Table XXIL 


1 

1 

Name of Still. 

Gallons of 
Water per 100 
Gallons of 
Distillate. 

Crude (throughout) 

14-3 

((fromstartto850sp.gr.) . . . ! 

10-0 

1st stage] * e - tN 

1 ( „ 850 sp. gr. to finish) 

14*8 

2nd „ (throughout) 

10-0 

3rd „ light „ 

10-0 

,, „ heavy „ ..... 

14-0 

4th ” ..... 

15*0 

j (from start to dark colour) . 

15*0 

Heavy residuum ^ 

1 ( „ dark colour to finish) . 

20-0 

Soda i • • • . 

20-0 

' ( „ 860 sp. gr. to finish) .... 

25*0 




Table XXIII. 
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Table XXIIL shows the length of time a distillation 
takes, ^!e length of time the light oil stills are fed, 
capacities of the stills and the amount of fuel required 
to effect the distillation, and, also, the amount of fuel 
required to raise steam for use in the stills, to run the 
pumps and warm the tanks (iontaining the heavier 
distillates, and other information. 


Pressure Stills. 

It has been seen that when an oil is distilled very 
slowly it is decomposed with a breaking up of the 
heavier or high specific gravity oils into lighter or 
lower specific gravity oils ; if this slowness of distil- 
lation is coupled with high pressure in the still, the 
de(Jompositi()n that takes place is greatly increased, and, 
therefore, it was customary before suitable outlets were 
found in the market for products that were too heavy for 
burning oil and too light for lubricating purposes, to 
distil them in pressure stills and convert them into 
marketable products. 

The stills used for this purpose were made of boiler 
plate, cylindrical in form, and placed horizontally over 
the furnace. On the upper side of the still was riveted 
a dome of about 3 feet in diameter and 2 feet 
6 inches high, and provided with a couple of large hand- 
holes on opposite quarters of the side and a swan-neck 
(leading to the condenser) on the top. A 3 inch lever 
safety valve was attached to that portion of the still 
covered by the dome and was weighted so as to maintain 
a given pressure in the still. 

0 2 
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The still having been charged and the fire lighted, 
the distillation did not start until the pressure was 
sufficient to raise the saftey valve, and when that pressure 
was reached, the vapours escaped into the dome and 
then passed through the swan-neck to the condenser. 
The stills were usually run under a pressure of 40 lbs. 
per square inch when new, but after being in use a few 
months the pressure was reduced, and this reduction 
was increased with the age of the still until (when the 
stills were too old for safe working and had to be 
replaced by new ones) the pressure was finally only 
8 lbs. per square inch. 

Oils of 845 to 800 specific gravity when distilled 
onc.e under a pressure of 40 lbs. per square inch will 
yield 50 to 70 per cent, of an oil under 820 specific 
gravity at the worn end. If the residues of two of 
these stills are charged into another still and distilled 
under 40 lbs. pressure they will yield another 8 to 

10 per cent, (calculated on the original oil). 

Now that a market has been found for the inter- 
mediate oils the pressure distillation is not so often 
resorted to. 

It has been claimed that the same results as those 
obtained from pressure stills can be obtained by distil- 
ling the oil up through a column 11 feet high. If the 

011 to be distilled were a heavy lubricating oil, the 
effect of making the vapours rise 1 1 feet higher than 
usual befoie they could escape to the conllenser would 
surely result m more or less light oil being formed, but 
the columns, as might naturally be expected, failed to 
cause any appreciable extra amount of “ cracking” (over 
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an ord^ary still) when the still was supplied with the 
grade of oil charged into pressure stills. 

The comparative results from distilling an oil 
through the column and through the ordinary connection 
of a still are given in Table XXIV. The specific gravity 
of the oil charged into both stills was 815, and the 
distillation was continued until l)oth bulk specific 
gravities were 805, with the result that the still fitted 
with the ordinary connection yielded 2 per cent, more 
distillate than the still fitted with the column. 


Table XXIV. 




Ordinary Connection. 

Column. 

Time. 


Sp. Gv. 

Tetn])Gratiirc 
of Vapour, ° F. 

Sp. Gr. 

Temperature 
of Vapour, ° F. 

At start . 


768 

392 

7(i« 

385 

1 hour at start 


780 

428 

781 

392 

2 hours at start 


790 

446 

787 

410 

3 . 


794 

464 

792 

419 

4 „ „ 


798 

473 

798 

446 

^ if V ‘ 


804 

491 

804 

464 

6 „ „ . 


808 

504 

812 

482 

7 „ „ . 


815 

514 

817 

498 

8 . 


817 

520 

824 

518 

9 » » . 


822 

532 

828 

538 

10 5 , » 


825 

543 

832 

568 

11 » » . 


828 

556 



12 „ „ . 


832 

574 
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Continuous Distillation. 

Henderson, of the Broxburn Oil Company, patented 
a continuous distillation apparatus (some nine or ter 
years ago), which consisted of three stills (similar tc 
light oil stills) connected together by a suitable arrange- 
ment of pipes, and the stills were “set’’ so thal 
the oil flowed from one to the other and maintained 
a certain given level in each still. The furnace fires 
were so regulated that each succeeding still was kept 
at a higher heat than the previous one, and in that waj 
the first still (i.e. the still that received the feed) dis- 
tilled off all the oil that would vaporise at the tempera- 
ture of that still, and the residue constantly passed on to 
the next still, where it vaporised as far as the heat of 
that still would allow, and then passed on to the third 
still. The temperature of the third still was not suffi- 
ciently high to coke the still, and the steam of residuum 
from this still was conducted to a battery of four or 
five coking stills, where it was distilled to dryness. 

This method of conducting a “ feed ” or continuous 
distillation certainly gave a better fractionated and 
more homogeneous distillate than that obtained from 
the one-still-feed-distillation, but no feed still will 
give as homogeneous an oil as an unfed still fur this 
reason : — Suppose the temperature of the still is high 
enough to distil off 10 per cent, of the oil charged into 
it, or, say, the temperature is 450^ F. Again, suppose 
the oil fed to the still starts to boil at 375° F. Now 
it is quite plain that if the 375° boiling point oil is 
liberated in a still where the temperature is 450° R 
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there must be a sudden evolution of light vapours that 
will iJe'^so great that these vapours will mechanically 
carry away vapours or oil of a very much higher boil- 
ing point and specific gravity, and, therefore, a proper 
fractionation or separation of the light and heavy 
vapours cannot be accomplished. 

If stills of 50,000 gallons or so (iapacity were used 
in place of 3000 to 5000 gallon stills, there would be 
no need of resorting to continuous distillations, and far 
better products would be obtained. 

Condensers. 

The area of the condensing surface of the condenser 
worm and the diameter of the coils largely affect the 
running of the still and the quality of the distillate. 
There should be sufficient outlets from the still to allow 
of the oil in the still being kept in contact with the 
heat for only the shortest length of time necessary to 
ensure a proper separation of the impurities intended 
to be removed by the distillation. The condensing 
capacity should be sufficient to allow of the still being 
run at a maximum rate without causing loss of vapours 
due to imperfect condensation, and, in order to ensure 
this, there should be 1 square foot of condensing surface 
for every gallon of oil distilled per hour for heavy oils ; 
1|- square feet for burning oils ; and If to 2 square feet 
for naphtha or other very volatile oils. 

As regards the size of the condenser worm. The 
internal area of the cross section of the worm at the 
inlet to the condenser should be 0*05 square inch per 
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gallon of (Jistillatc per hour, or if the distillate ran at 
the rate of, say, 200 gallons per hour, the si2i6 of the 

worm should he 3-102 inches in 

internal diameter. That size should he continued for 
about one-third the total length, and then reduced to 
2 1 inches for the next third, and to 2 inches for the 
last third. 


Table XXV. 


Name of Oil or Wax. 

1 

Sp. Gr 

Boiling or 
Melting 
Point. 

Latent Heat 
of Vaporisa- 
tion. 

Vapour 

1 >eusity. 

Specific 

Heat. 

Gasoline . 

G42 

70° F. 

100-2° F. 


0-5800 

Naphtha . 

720 

115° F. 

100-6° F. 

S-005 

0-5C87 

. 

756 

175° F. 

133-5° F. 

3-190 

0-5104 

Burning oil 

810 

260° F. 

105-4° F. 

4-270 

0-4991 

Intermediate . 

843 

545° P. 

. . 

7-770 

0-4950 

Marino . 

836 


. . 


0-4561 

Pressed oil 

885 


. . 


0-4413 

Lubricating oil 

865 




0-4492 

jj jj 

890 




0-4441 

Behned paraffin wax 


81i° 



0-5584 

JJ JJ JJ 

•• 

118J° 



0-41G4 

JJ JJ JJ 

• • 

120° 



0-4069 

JJ JJ JJ 

• • 

130° 

. . 


0-3659 

Stearine 


128° 

” 

1 

0-3529 


In figuring out the sizes of condenser worms it is 
always wise to leave a wide margin, as it allows of the 
size of the still being increased at any time without 
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necessitating altering the condenser, and it also allows 
of the sfill being pushed (i.c. run faster than usual), as 
is often necessary in the case of the still starting to 
leak, &c. 

The quantity of water necessary to effect the con- 
densation of the oil vapours and cool the distillate to 
any desired point, can be calculated by the aid of the 
specific and latent heat figures given in Table XXV. 
For an example, we will suppose that we have 1000 
gallons of 75 G specific gravity naphtha to distil, and 
that the distillation will be conducted at the rate of 
100 gallons per hour, then : — 

1000 gallons at 756 specific gravity = 7560 lbs. 
The latent heat of vaporisation of 756 naphtha 
= 133*5*" F. 

Therefore (7560 X 133*5 =) 1,009,260 thermal 
units will have to l)c extracted from the vapours in 
order to condense them to a fluid of 175° F. tempera- 
ture. The condensed fluid (i.c. distillate) has to be 
cooled to 60° F., and as the specific heat of the 
distillate is 0*5104 (water being 1*000) the amount 
of heat that will now have to be extracted will be 
(7560 X 175 - 60 X 0*5104 =) 443,741 thermal 
units, therefore the total thermal units to be extracted 
will be (1,009,260 + 443,741 =) 1,453,001. As the 
distillation will take ten hours, the number of thermal 
units per tour to be absorbed by the condenser will be 
145,300. We will now suppose that .the initial tem- 
perature of the condensing water is 50° F., and that 
the temperature of the overflow will be 80° F. As the 
specific heat of water is 1, and the temperature of the 
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water wiil be raised 30°, each pound of water will 
therefore absorb 30 thermal units, and as'' 145,300 
thermal units have to be absorbed, (145,300 -r 30 =) 
4849 lbs. (= 484*9 gallons) of water per hour will be 
required. 

The above figures are based on the assumption that 
the boiling point of the naphtha would be 175° F. 
throughout the distillation, but this, of cqurse, would 
not be the case, and more water than the above figures 
call for would be required. Also, a condenser is never 
perfect in its action owing to the worm becoming more 
or less covered with sediment, &c., and more water will 
be required again in this case ; however, the approxi- 
mate quantity of water required can be determined 
near enough for practical purposes by calculating as 
above and then adding 10 per cent. 
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CHAPTER VIL 
TREATING DATA. 

Air versus Mechanical Agitation. 

The kind of agitation used in the treatment has an 
important bearing on the “ loss due to treatment.” It 
is evident that if an oil that contains more or less light 
vapours is subjected to air agitation and the air so 
used is allowed to escape into the atmosphere, it will 
cause a loss over and a1)ove that due to the action of 
the acid, as the air will go away saturated with the 
light vapours. The author made a large number of 
experiments in order to determine the amount, &c., of 
this loss, and the average of the results will be found 
in Taljle XXVI. 

Table XXVI. 



Length of 

Specific 

Percentage 

Temperature 


Time Agi- 

Gravity at 

Grade of Oil. 

tated by 



Loss (by 

of Oil during 


Air. 

Start. 

Finish. 

Volume). 

Agitation. 

Onco-run oil . 

30 min. 

870 

871 

0*521 

106° F. 

1st stage IfgLt oil . 

80 „ 

814 

814 

0*047' 

59° F. 

„ heav;/ „ . 

30 „ 

854 

854 

0*023 

63° F. 

No. 1 burning oil . 

15 „ 

810 

810i 

0*132 

60° F. 

Naphtha (semi-re- 1 
fined) . . .} 

16 „ 

770 

777 

6 313 

60° F. 
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:ee separate agitations and additions of acid, with short settlings between. 
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The figures in Table XXVL clearly show that the 
agitation -of semi-refined naphtha by air is out of the 
question unless a closed agitator is used, and the con- 
nections to the air-pump or “ blower ” are so arranged 
that the latter draws its supply from the top of the 
agitator, in which case any vapours passing off in the air 
would be returned in the air delivered from the pump. 
The loss is considerable even in the case of the once- 
run oil, but by the adoption of the arrangement above 
suggested could be entirely prevented. 

The author would suggest, in the event of the 
expeiisiveness of centrifugal agitators standing in the 
way of their adoption, that the agitators be provided 
with tight covers, and that the whole of the air supply 
to the blower be drawn from the top of the agitator. 

Table XXVII. has been prepared for the purpose of 
showing the length of time the various grades of oil are 
agitated and settled, and how much acid tar is left in 
the oil that has been settled for different lengths of 
time. 


Recovered Acid. 

About 90 per cent, of the sulphuric acid used in the 
treatment of the oils can be recovered by pumping the 
acid tars to lead-lined tanks and steaming them with 
open steam. 

The lehgth of time that the tars are steamed depends 
on the quality of the steam (i.e. a good dry steam takes 
longer than a ‘‘ wet ” steam) and the gravity desired 
for the resulting recovered acid, but, generally speaking, 
six to eight hours' steaming should be sufficient to 
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reduce the strength of the acid to 63° Tw. When the 
desired strength has been obtained, the steam* is shut 
off, the contents of the tanks allowed to settle, and 
after any paraffin oil, &c., that rises to the surface has 
been skimmed of and pumped to the liquid fuel tank, 
the acid is ready for use as Kecovcrcd Acid. 

Soda Eecovery. 

Soda Tars. 

The practice of recovering the soda used in the 
treatment of the oils, was first started in 1874. 

The soda solution used in the oil treatment is partly 
converted into sulphate of soda (by neutralising the 
free sulphuric acid left in the settled oils), and that 
portion cannot be remuneratively recovered, but the 
larger portion of the solution is neutralised by the 
phenol impurities of the oil, and the soda in this portion 
can easily be recovered by acidifying the soda tar with 
an acid that will form an easily decomposed soda 
compound. This is effected l)y passing carbonic acid 
gas through the soda tar, and as soda has a greater 
affinity for the carbonic acid than for the phenols, the 
latter are thrown out of combination and separate as an 
oily layer. 

This separation was first effected by means of the 
apparatus shown in Figs. 55 and 56, which* was con- 
structed as fellows. A perforated cylinder ^ was placed 
inside the cylinder A and securely held in position by 
the horizontal divisions C. The cylinder was supported 
on the frame D by the castings E, and was revolved (in 
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the direction indicated by the arrow) by the gears F. 
The two'connections G and II fitted into the castings E, 



and the joints were made tight by means of glands and 
packing. The method of working was to first fill the 
cylinder with soda tars through the cock K to the 
height I, and then, having set 
the cylinder in motion, pass 
carbonic acid gas in through 
the connection G and allow it ^ 
to escape through the connec- 
tion H to a chimney. The 
soda tar was in this way 
saturated with carbonic acid, 
because as' the cylinder re- 
volved the t^ i was kept con- 
stantly pouring down through the gas in fine streams (as 
shown at J). The acidified liquor was drawn off through 
the cock K. 
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I'roin, four to six hours were generally sufficient to 
effect the conversion of the soda tar, and, as one of these 
cylinders was capable of handling 350 gallons of tar at 
a time, the capacity of the apparatus was from 1000 to 
1400 gallons of soda tar per twenty-four hours — allowing 
ample time for charging and discharging. 



An improved soda recovery apparatus is shown in 
Fig. 57, in which the tower A was provided with the 
perforated plates B, and the soda tar was. circulated by 
the pump C, which latter drew its supply from the 
bottom of the tower, and discharged it through the 
connection E, in at the top of the tower, and as the tar 
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passed down through the perforated plates, ij came in 
contact Vith carbonic acid gas that was generated by 
slowly burning coke in the small furnace F, the neces- 
sary draught for which latter was supplied by the 
connection G being continued into a tall chimney. 
This apparatus was capable of handling 1500 gallons of 
soda tar per tw^enty-four hours, and tlie cost of working 
was veiy much less than in the case of the cylinder, and 
also the lirst cost w^as greatly in favour of the tower 
apparatus, as may be seen by the following figures. 


Kevolving cylinder complete . 
Carbolic acid gas generator 
Engine and pumps (combined) 


£ 8. d. 
75 10 0 
10 0 0 
05 0 0 


Total . 150 10 0 


Tower .... 
Carbonic acid gas generator 
Pump .... 


£ d. 
88 0 0 
10 0 0 
50 0 0 


Total . 98 0 0 


After the soda tar had been treated as al)ove, it was 
pumped to a tank and allowed to settle for six to eight 
hours, after which the phenols that rose to the surface 
were skimmed off and pumped to the liquid fuel storage 
tank, and the carbonated soda liquor was then causti- 
cised with qui^'k-lime, slaked and evaporated in V-shaped 
pans to the desired strength, and was tJien ready for 
use as Recovered Soda.” 
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Soda Coke, 

The recovery of the soda from the soda coke resulting 
from the soda distillations is readily accomplished by 
piling the coke in heaps, setting fire to it and allowing 
it to burn to an ash. 

This process should be conducted on iron plates and 
under a corrugated iron shed, so that the ashes may be 
protected from wind and rain until they can be trans- 
ferred to a tank and washed wdth water. The watery 
solution after being settled free from any of the insol- 
uble ash is mixed with tlie carbonated liquor from the 
soda far. 

Treatment of Waste Water from the Works. 

It must have become apparent to the reader tliat a 
very large volume of water is daily used in the various 
processes through which the oil, &c., have to pass, and 
that an oil work must discharge a large volume of 
waste water into the rivers or sewers in the vicinity. 
As it is a pi*actical impossibility to p]*event leaks from 
various oil pipes, &c., and as such leaks invariably find 
their way into the waste water conduits, it is necessary 
that an oil work should be provided with a main trap, 
into which all the drainings of the work sliould })e led 
before l)cing allowed to escape into the riveSb or public 
sewers. 

The proper construction of such a trap is shown in 
Figs. 58, 59*and 60, and consists of a luick and cement 
structure A (the top of which is level with the ground) 
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divided by tlic walls B and C. The mixture of water 
and oil flows in through D, and the water accompanied 
by a certain amount of the oil descends and passes 
through the arched openings E, and, striking against' 
the wall C, have to rise before the water and any oil 
it may still hold in suspension can again descend to the 
arched openings in the next wall (B), and so on, until 
the water finally flows away through the pipe F. By 
making the water take an upw^ard course (and giving it 
plenty of space in which to do it so as not to (^ause 
sufiicient current to mix the oil and water) after a 
downward one, tends to help any oil it may contain to 
come to the surface, whence it is pumped off through 
the swinging (connections G, leading to the pumps II 
in the pump house 1. It is important that the walls C 
should not be continued up high enougli to cause any 
perceptible current on the surface, and, in fact, there 
should be a distance of 6 to 7 feet between tlie top of 
the walls and the top of the trap. 

If the walls C are omitted, as shown in Fig. 61, a 
large amount of oil will pass through to the outlet F, 
because the oil held in suspension in the water will bo 
free to flow through from one end of the trap to the 
other, as shown by the straight arrows, and only the 
lighter oils wdll rise to the surface. 

The Rivers Pollution Commisioners are exceedingly 
particular as regards the water discharged ''into the 
rivers, &c., and inspectors pay frequent visits to the 
various works to sec that the law is properly obeyed. 

The visit of one of these inspc(dors to the Bathgate 
work in the days when the late flames Young was in 
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constant attendance there, led to an incident that Young 
was never tired of reciting. The inspector in question 
thouglit he detected the taste of paraffin products in 
the small stream that flowed past the work, and imme- 
diately saw Young in regard to it, and, accompanied by 
the latter gentleman, went back to the lower end of the 
work and again tasted the water, and invited Young 
to do the same ; but the latter declined, and suggested 
that they should walk up stream, and that the inspector 
should taste the water at some point above the work, so 
as to make sure that the Bathgate work was to blame. 
The inspector considered that a fair proposition, and as 
they walked up stream he kept on tasting the water 
and always flnding indications of paraffin produeds, and, 
finally, as they rounded the base of a slight hill some 
distance above the works, Young exclaimed, “ There’s 
the source of the paraffin products you taste.” The 
inspector looked in the direction Young indicated, and 
seeing half a dozen very dirty looking miners bathing in 
the river concluded to let the matter drop, and, further- 
more, did not bother Young again for many months. 
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CHAPTER VHl. 

LABORATOT^Y. 


The work done in an oil works laboratory is usually of 
a very varied eliaraeter, from tlie simple oil tests to tlie 
analyses of the various clieniicjals, &c., used in, and the 
by-products resulting from, the manufacture of shale 
oils. 

The method of testing the various products will first 
shortly be considered. 

^ Solidifying Point. 

Wlicn testing the distillate from a still for wax, the 
quickest and simplest way is to have a l)caker or 
tumbler filled with water at a temperature of three or 
four degrees lower than the desired solidifying point 
and allow a drop of the distillate to run down the 
outside of the glass. If the '' drop reaches the bottom 
without showing any signs of wax, the solidifying point 
is too low, but if there are signs of wax the distillation 
must be carefully watched, and the distillate tested 
every few minutes until (when the drop will not 
traverse more than an inch before it solidifies) the 
required solidifying point is reached. 

Id determining the solidifying point of a crude or 
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other oil containing a large amount of wax, the author 
would advise the following method being adopted : — 

A couple of inches of a long bulbed thermometer are 
dipped into the heated oil and then quickly held in a 
nearly horizontal position between the thumb and fore- 
finger of both hands and slowly revolved, while at the 
same time the position of the thermometer is (constantly 
changed, so that at one time the bulb is somewhat lower 
and tlien somewhat higher than the other end. The 
adliering oil will hang as a long horizontal globule 
from the under side of the bull), and is prevented from 
dropping off by the constantly rocking and revolving 
motion of the thermometer, which motion also ensures the 
oil l)cing uniformly cocded by constantly exposing fresh 
portions of it in a thin film on the upper side of the 
bull) to the cooling action of the air. Eventually, the 
globule will commence to thicken and revolve partly 
with the bulb, and finally become so thick that it will 
remain stationary in whatever position the thermometer 
is held, and as soon as that point is reached, the tem- 
perature must be quickly read. Solidifying points 
taken in this way agree very closely if ordinary care 
is exercised and there is not too great or too little 
difference between the temperature of the air and the 
solidifying point of the oil — the difference should be 
about 10° to 20° F. 

c 

Setting Point. 

The name of this test is very misleading, and a far 
more appropriate name for it would be “ Cold Test." 

The test can be made in two ways, to suit the nature 
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of the oil to be tested : if the oil is light coloured, bright 
and free from moisture, a depth of about 2 inches of it 
is poured into a test tube (about 1 inch in diameter by 
G inches long) and a long bulbed thermometer having 
been placed in the oil, the tube is immersed in a freezing 
mixture. As soon as the oil has solidified the tube is 
removed, the outside wiped dry, and then held up in 
front of a window and stirred with the thermometer (as 



shown in Fig. G2) until the last trace of crystals dis- 
appears, when the temperature is noted. This operation 
should l)e repeated, and second result obtained is the 
setting point or cold test of the oil. This method of 
working gives very concordant results, and different 
operators can easily agree to within half of a degree, but 
it is most essential that there shall be no moisture or 
air bubbles in the oil, and, to prevent the latter, it is 
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necessary that the oil be very carefully and slowly 
stirred. 

For dark-coloured oils, such as pressed and untreated 
oils, the method is as follows A small beaker (about 
1^ inch in diameter by 3 inches deep) is filled to a 
depth of about 1 inch with the oil to be tested, and is 
then placed in a freezing mixture and stirred with a 
thermometer until the surface of the oil Ijecomes 



“dulled” by crystals of wax. The beaker is then 
removed from the cooling mixture and held (as shown 
in Fig. G3) in a good light, and its contents stirred until 
the last trace of crystals disappears and the surface of 
the oil is quite bright again. With a little experience 
and practice, different operators can easily agree in 
their results to within one degree by this method of 
working. 

Relation between Cold Test and Percentage 
• OF Wax. 

The author made a large number of determinations 
of the amount of wax that was contained in oils of 
different cold tests, and the averages of the results are 



2i8 mineral oils AND BY-PRODUCTS. 


given in Table XXVIIL The oil used in making the 
determinations was an 890 oil of F. cold test, and 
the wax used in raising the cold test was the wax which 
belongs to that grade of oil (and whicdi had been removed 
by pressing the cooled 890 lubricating oil distillate), and 
had a melting point of 102° F. We see by reference to 
the table that an oil of 33° cold test contains 1*477 per 
cent, more wax than an oil of 20° cold tost, or tliat an 
oil of 39^° cold test contains 0*9G2 per cent, more wax 
than an oil of 33° cold test, and so on. 


Table XXVIII. 


Cold Test, 

Tor Cent, by 
Weight of Wa.x. 

Cold Tost. 

Per Cent. f)y 
Weight of Wax. 

OF. 


o p 


2G 

0-000* 

3i)J 

2-439 

29 

0-497 


2-912 

30 

0-G95 

43 

3-381 

31i 

0-990 

4.-3 

3-840 

33 

1-477 

47 

4-30G 

3Gi 

1-970 




♦ It nmst not be pupposed that 26*^ cold-test oil contains no wax, as thst is 
not the case ; but a certain cold tost had to be taken for a starting point, and 20*^ 
was the lowest that could conveniently be obtained, and was therefore adopted as 
the starting point. 

Flash Point. 

There are too many methods of taking the flash 
point of oils to allow of their all being referred to here, 
and therefore only the generally adopted methods will 
receive notice. 

In determining the flash point of burning, and other 
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comparatively low-flashing oils, an apparatus designed 
by Abel, and known as the “ closed test ” is almost 
universally used. Abel’s apparatus consists, in general, 
of a small metal cup (provided with a cover) which fits 
into an air bath surrounded by a water bath. The water 
in the water bath is heated to a certain* temperature 
and imparts its heat to the air (contained in the air 
bath), and the latter imparts heat to the oil. The oil is 
thus heated very slowly (the prescribed rate being 1 ° F. 
per minute), and at every rise of one degree in tempera- 
ture of the oil, a small slide fitted to the cover of the 
oil cup is pulled on one side, and a flame of the size of 
a bead is admitted to a point just below the opening in 
the cover. If the oil is sufliciently hot the flame will 
cause a slight flash to cross the Surface of the oil, and 
the temperature at which that takes place is the flash 
point of the oil by the Abel or closed test. 

In determining the flash point of lubricating or high 
flashing oils, the ‘‘ open ” test is usually employed. 

In order to make this test it is only necessary to 
have an open metal f cup about 2 inches in diameter by 
2 inches deep. This cup is filled to within half an inch 
of the top with the oil, and a thermometer having been 
suspended in it, a small argand flame is applied under- 
neath. The oil must be heated very slowly, and about 
fifteen to ^wenty minutes should be taken in raising the 
temperature to, say, 300° F., also, it is absolutely neces- 

* If the flash point of the oil is very high, the temperature of the 
water must be higher than for low-flash point oils. 

t If there are any joints they must be brazed, as ordinary solder 
> will melt. 
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sary that there shall be no draught whatever near the 
cup, and the latter should be placed in a corner shaded 
from direct light, so that the flash may be easily seen 
when a bead flame is passed across the top of the cup 
at a distance of one-sixteenth of an inch above the 
surface of the oil. 


Viscosity. 

The viscosity represents the amount of “body” or 
viscousness that an oil has, and it is determined by 
the use of different apparatuses in different countries. 
B. Redwood s viscometer is the English standard in- 
strument, while G. M. Saybolt s is the American, and 
Engler’s the German standard. 

The method of determining the viscosity by any of 
the above instruments is essentially the same, and 
consists in noting the length of time that a given 
quantity of oil at a certain standard temperature takes 
to run through a small orifice at the bottom of the 
instrument. 

The temperature at which the viscosity of an ordi- 
nary lubricating lil is determined has been fixed by 
usage at 70 ° F., and the reason why that temperature 
has been adopter . as a standard is because it is the one 
most easily obtained and held at all seasons of the year. 
It is important t^at the temperature of the room should 
be at as near 70 ° as possible, because, notwithstanding 
that the instrument are surrounded by a water bath, 
the results are considerably aSected by any great 
variation in the temperature of the atmosphere above or 
below the standard temperature. 
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Mineral oils of the same specific gravity often vary 
greatly in viscosity, and, as the higher the viscosity 
the less quantity of oil usually is necessary to lubricate 
a given piece of machinery, it is to the interest of the 
consumer to buy his oil by the viscosity test rather 
than Ijy the specific gravity — which latter test is, at 
present, the one an oil is usually valued by. However, 
it would l)e unwise to give preference to an oil on the 
strength of the viscosity only, as the viscosity is con- 
sidevaldy afiected by the cold rest of the oil, and there- 
fore the cold test should always be considered in 
connection with the viscosity. By referring to Table 
XXIX. the j*elation between cold test and viscosity will 
be plainly seen, and it will be noticed that the liigher 
viscosity oils arc alFccted to a greater extent per degree 
rise in cold test than the thinner oils. 


Table XXIX. 


87<) Sp. Or. Oil. 

885 Sp. 

Gr. Oil. 

890 Sp. Gr. Oil. 

Cold Tfst. 

Viscosity. 

Cold Test. 

Viscosity. 

Cold Tost. 

Viscosity. 

27" 

223 

27" 

200 

27° 

279 

31i" 

229 

32" ' 

271 

33° 

297 

35" 

234 

34i" 

285 

36° 

317 

40" 

241 

89" 

301 

O 

o 

345 

CO 

. 247 

42i" 

317 

42" 

364 


The higher the cold test the more wax there is 
present in the oil, and, as wax is an exceedingly bad 
lubricant, it stands to reason that if there are two oils 
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of the same viscosity to choose from and the cold test 
in one case is five or ten degrees higher than the other, 
the lower cold test oil should be selected. 

Numerous machines have been designed for pmc- 
tlcalhj testing the lubricating qualities of an oil, but 
the results obtained from such machines are of little or 
no value to the user of lubricating oils for the reason 
that the bearings, &c., in those machines are as perfect 
at it is possilJe to make them, whereas the bearings in 
use in mills and shops generally have some little defects, 
and an oil that would answer well for lubri(;ating one 
journal might be useless for another, and therefore if the 
user would try three or four different grades of oil, and, 
having determined which one gives the best results wuth 
his machinery, would have the cold test and viscosity 
of tlie oil of his choice carefully determined and see 
that future deliveries of oil corresponded with tlicse tests, ' 
he would save oil and wear and tear to his machinery. 

Table XXX. 


Name of Oil. 

Specific 

Gravity. 

Viscosity (liy 13. Redwood’s 
Apparatus). 



At 70° F. 

Atl00OF.'At]50'’F. 

885 mineral oil . 

880 

seconds. 

78 

seconds. 

43 

seconds. 

32 

890 „ „ . . . 

890 

155 

09 

* 

47 

Cottonseed oil . 

916 

377 

193 

87 

Thickened ditto 

967 

4540 

]'550 

460 

Lard oil . 

922 

315 

1G3 

77 

Tallow oil . * . . . ' 

1 917 

i 

390 

1 196 

88 

1 
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An oil that will act as a first class lubricant on cool 
journals is often perfectly useless for hot work, such as 
lubricating steam cylinders, and Table XXX. has been 
prepared so that an idea of the variation in viscosity 
due to changes in temperature may be formed. 

Melting Point. 

The melting point of a wax is the temperature at 
which the wax changes from the molten to the solidified 
condition, and the determination of that temperature is 
generally made by taking advantage of the latent heat 
of solidification in the following manner. An ounce or 
80 of tlie melted wax is poured into a glass or metal 
vessel and slowly stirred with a thermometer ; the tem- 
pe vat are of the wax' will constantly and gradually 
diminish until the wax commences to solidify, and 
shortly after solidification has commenced it will be 
noticed that the temperature will remain perfectly 
stationary for the space of a minute or two, and that 
temperature is recorded as the melting point of the wax. 
After the wax has given up its latent heat of solidifica- 
tion the temperature again starts to fall and continues 
falling until the temperature of the surrounding atmo- 
sphere is reached. The same results are obtained 
whether tlie vessel containing the wax is moved while 
the thermometer remains stationary, or the thermometer 
is moved iPnd the vessel is stationary. This method has 
been in use in England for the past fifteen or twenty 
years with the greatest possible success, and melting 
points determined by it do not usually vary more than 
a quarter of a degree F. between different operators. 
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In determining the melting point of stearine it will 
be noticed that the temperature will remain stationary 
for a short time and then start to rise, and after rising 
anywhere from 3° to 15° F. (according to the grades of 
the stearine) will remain stationary for some tinn* })ef()re 
starting to fall again. The melting point in lliis ('ase 
is the temperature recorded after the mercury f'olumn 
has finished rising. 

In the manufacturing Inisiness it is constantly 
necessary to mix waxes of different melting points in 
order to supply the special melting point waxes often 
called for. There is no difficulty whatever in calculating 
the quantities of any two or more waxes ol' known 
melting points necessary to give a wax of any inter- 
mediate point, and the calculations are made as follows : — 

Suppose 1000 lbs. of 116|° melting point wax 
were wanted, and that the melting points of the waxes 
in stock were 120 and 115. Then, 116-^ — 115 = 1}, 
and 120-116^ = 3|, it will be necessary to mix the 
waxes in the proportion of 1^ parts of 120 and 3J parts 
115 melting point, or, 300 lbs. of the former to 700 lbs. 
of the latter. 

In the manufacture of candles stearine is often, and, 
in fact, generally, used in admixture with the wax, but, 
in this case, the melting point of the mixture of wax 
and stearine cannot be calculated, as stearine has the 
peculiar property of lowering the melting point of the 
mixture to, in i certain cases, even below the melting 
point of either of the ingredients used. Therefore Tables 
XXXI. to XXXVI. have been prepared (and are the 
results of many careful determinations) in order to 
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enable those who require mixtures of wax and stearine 
of certain melting points to make the mixtures without 
going through the laborious process of determining the 
necessary proportions by making up ‘‘ trial mixtures.” 


Table XXXI. 

Melting Point of Wax used = 102° F. 
„ „ Stearino used = 121° F. 


Percentage of 

Melting Point. 

Percentage of 

Melting Point. 

Wax. 

Stearine. 

Wax. 

Stearine. 



°F. 



0 ^ 

90 

.10 

100 

40 

GO 

111 

SO 

20 

oc 

30 

70 

113i 

70 

SO 

100 

20 

80 

117i 

00 

40 

104i 

10 

90 

119 

50 

50 

iioi 



1 

1 


Table XXXII. 

Melting Point of Wax used = 120° F. 
,, „ Stearine used = 123° F. 


Percentage of 

Melting Point. 

Percentage of 

Molting Point. 

Wax. 

Stiiarinc. 

Wax. 

Stearine. 

90 

JO 

°F. 

118 

j 

60 

0 Y, 

109 

80 

20 


30 

70 

113 

7b 

30* 

114 

20 

80 

m 

60 

40 

112 

10 

90 


50 

60 

no 





r 
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Table XXXIII. 

Melting Point of Wax used = 120}° F. 
„ „ Stearine used = 129f° F. 


Percentage of 


Percentage of 




Melting Point. 

- 


Melting Point. 

Wax. 

Stearine. 


Wax. 

1 Stearine. 


i 


j ° F. 


i 

o p 

90 

10 

1 118J 

1 

40 

00 

118| 

80 

20 

IICJ 

30 

70 

122 

70 

30 

114i 

20 

80 


GO 

40 

112i 

1 

1 10 

1 

1)0 

127 

50 ^ 

50 

i 

113 j 

1 

j 



Table XXXIV. 

Melting Point of Wax used = 125° F. 
„ „ Stearine used = 121° F. 


Percentage of 


Percentage of 


— 

— 

Melting Point. 

l' — 


! Melting Point. 

Wax. 

Stearine. 


i Wax. 

j Stearine. 




O Y, 



°F. 

90 

10 

123 

40 

1 GO 

Ill 

80 

20 

121 

30 

1 

70 

107 

70 ' 

30 

119 

20 

80 „ 

114 

60 

40 

117J 

10 

90 

117 

50 j 

56 

114 
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Table XXXV. 

Melting Point of Wax used = 130° F. 

„ „ Stearinc used = 121° P. 


Percentage of 

Melting Point. 

Percentage of 

Melting Point. 

Wax. 

Stearino. 

Wax. 

Stearine. 

90 

10 

°F. 

128 

1 40 

00 

0 p 

114 

HO 

20 

125J 

: 80 

70 

109 

70 

00 

128 ’ 

1 20 

80 

1154 

00 

40 

121 

! i 

10 1 

90 

118 

50 

i 50 

118i 





Table XXXVL 

Melting Point of Wax used = 132^ F. 
„ „ Stearineused = 129|° F. 


Percentage of 


Percentage of 


— - - 

— 

Melting Point. 



Melting Point. 

Wax. 

Stearine. 

1 

Wax. 

Stearinc. 




OF. 



0 p 

90 

10 

130i 

40 

60 

1171 

80 

•20 

00 

80 

70 

119i 

70 

30* 

1264 

20 

80 

1254 

60 

40 

m 

10 

90 

127J 

50 

50 * 

121 
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Oil in Wax. 

It is practically impossible to press a cooled mixture 
of oil and wax so as to obtain a crude scale that is 
entirely free from oil, and as a consumer does not wish 
to buy oil at the price of wax, he is naturally desirous 
of knowing how much oil the crude wax he is buying 
contains. 

The percentage of oil in wax is determined by 
taking 500 grains weight of the powdered wax at a 
temperature of 60*^ F. and (after placing it l)ctween two 
pieces of linen and four pieces of blotting paper and 
enclosing the whole in an iron ring (5J inc'hes inside 
diameter) into whh'h a piston snugly fits, subjecting it 
to a pressure of 5 cwt. (560 lbs.) per square inch for 
a spa(‘.e of five minutes. The loss that the wax sustains 
by being subjected to this treatment is called oil.’' 

Some crude waxes contain a certain amount of dirt 
and water. 


Dikt in Wax. 

The percentage of dirt should be determined by 
melting a pound weight of the wax in a large beaker and 
then adding twice its volume of 725 specific gravity 
naphtha. The naphtha solution is then to be filtered 
through a tared paper filter, the beaker thoroughly 
washed with fresh supplies of naphtha and the washing 
thrown into the filter, and, finally, the filter and any 
residue that remains in it are to be washed four or five 
times with the 720 naphtha, and then given a last wash 
with gasoline. After being dried for three or four hour^ 



WATER IN WAX, 


229 


at a temperature of 200 F. the filter must he allowed 
to cool and then be re-weiglied ; ai.y increase in weight 
represents the quantity of dirt present in the wax. 

Water in Wax. 

In order to determine the per cent, of water, one 
pound of the wax should be melted and poured into a 
conhial shaped copper still, and the top of tlie still 
should be closed by a cork to which is fitted a l)ent 
glass delivery tube about 2 feet long. The still is then 
gently heated until nearly all the water lias distilled 
off*, and then the temperature should be raised to about 
250^ F. and maintained at that until the water ceases 
to drop from the end of the delivery tulie. The water 
having beim caught in a tared beaker is weighed and 
the percentage (calculated. 

A suitable still for this purpose is one made of 
|-inch thick copper, having a diameter of 7 inches at 
the bottom and 1 in('h at the top, and a perpendicular 
height of 1) inches. It is better to have the bottom 
dished or ^ an inch. 

Burning Oil. 

The burning oil products should of course be regu- 
larly testc^l photometrically, and, in the event of an 
outsiders oil being sent for duplicatio;i, it is also neces- 
sary to determine, besides the specific gravity, flash, &c., 
whether the oil has been finished with a distillation or 
treatment. This determination is usually easily made 
•by simply placing ones car close to the side of the 
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burner while the oil is burning in a lamp, and if a slight 
crackling sound is heard it is a sure indication that the 
oil has been finished by a treatment, whereas if no such 
noise is heard it is an indication that the oil was finished 
with a distillation. 

The comparative illuminating power of various 
fractions from the third stage oil stills is given in 
Table XXXVII. 

Table XXXVIT. 


Si)ecific Gravity 
of Fraction. 

Illuminating Power 
in Standard 
Candles. 

specific Gravity 
of Fraction. 

Illuminating Power 
in Standard 
Candles. 

1 

From light oil stills. 

816 

16-50 

761 

12-20* 

818 

16-55 

764 

20-70 

From bea 

ivy oil stills. 

768 

19-90 

801 

19-22 

774 

19-25 

805 

20-24 

779 

18-94 

814 

18-41 

784 

20-00 

818 

16-70 

791 

18-90 

823 

16-40 

794 

19-40 

830 

1 

16*54 

798 

18-60 

835 

15-80 

804 

19-40 

840 

t 

811 

17-00 




* Too light to burn well. f Would not burn in lamp. 


Compounded or Mixed Oils. 

Both burning and lubricating oils of mineral origin 
are often mixed or compounded ” with fatty ” (vege- 
table or animal) oils, rosin oils, mineral compounds and 
3 ometimes with paraffin wax 
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Wax Admixture. 

The presence of wax is easily detected and the 
quantity estimated by cooling and pressing a small 
quantity of the oil. 

Fatty Oil Admixture. 

Fatty oils are readily detected l)y boiling quarter of 
an ounce or so of ' the oil with alcoholic soda * for 
twenty to thirty seconds in a large test tube. If as 
little as 2 per cent, of fatty oil be present, the mixture 
will become a gelatinous mass on cooling ; and if larger 
percentages are present the mixture will l)e('ome gela- 
tinous or even solid while hot. 

When the presence of a fatty oil has been detected, 
its quantitative determination may be quickly made by 
taking 50 grains weight of the oil, mixing it with about 
500 grains of silver sand, and then adding an excess of 
alcoliolic soda and evaporating, with constant stirring, 
over a water bath until all smell of alcohol has been 
discharged. The mass is then to be thrown into a filter 
and washed with small successive quantities of gasoline, 
ether or other very volatile solvent, until a small drop 
of the filtrate ceases to leave any oil stain after being 
placed on a watch-glass and evaporated. The soap 
produced by the saponification of the fatty oil by 
the soda is •unaffected by the gasoline, &c., while the 
mineral oil is quickly washed from the sand and finely 
divided particles of soap, and, the total filtrates having 
Saturated solution of caustic soda in absolute alcohol. 
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been placed in a tared flask and the solvent (gasoline, 
&c.) slowly evaporated, the amount of mineral oil is 
determined by weighing, and the difference between its 
weight and the weight of the quantity operated on gives 
the amount of fatty oil. 

The reason for adding sand to the original oil is to 
prevent the soap from forming in a mass, and the 
constant stirring of the oil, sand and alcoholic soda 
during evaporation helps to ensure the particles of soap 
being in a fine state of division. 


Rosin Oil Admixture. 

The presence of rosin oil is best detected by vigor- 
ously rubbing a small quantity of the oil between the 
palms of the hands and then quickly smelling it. 


Mineral Compounds Admixture. 

In order to determine whether a mineral compound 
is present in the oil, it is necessary to take a small 
quantity (al)out 25 to 30 grains) of the oil and heat it 
in a platinum crucible until the whole of the volatile 
matter has been burnt and the resulting coke consumed. 
If any as^llpemains it is undoubtedly the mineral 
adulterant that the oil has been “ thickei^ed ” with. 
The mineral “ thickeners that are most commonly used 
are the stearates or oleates of alumina and lead, but 
the nature of the mineral can, of course, be easily 
determined by testing the above ash. 
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Testing Ammonia Water. 

The ammonia water from the retorts, and also the 
spent water from the ammonia stills should be daily, or 
even more frequently, tested. 

In order to be able to make the determination of 
the amount of ammonia contained in these waters 
quickly and accurately, methol orange should be used 
as an indicator, because it is neither affected by the 
carbonic acid or sulphuretted hydrogen contained in the 
water. The strength of the water from the old vertical 
and the Henderson retorts could be accurately deter- 
mined by merely adding a few drops of methol orange 
to 50 c.c. of the water and titrating with a standard 
normal solution of sulphuric acid ; but, when the 
Young and Bcilby retorts came into use, it was found 
that the actual yield of sulphate of ammonia was far 
short of what the laboratory determinations showed it 
ought to be. Careful investigations disclosed the fact 
that the Young and Bcilby ammonia water was rich 
in oily bases, and the standard acid being neutralised 
by these bases caused the laboratory determinations 
to point to the presence of more ammonia than was 
actually present in the water. 

As the bases were present as carbonates and sul- 
phides they could not be removed until they were set 
free, and therefore it was necessary to add sufficient 
soda to neutralise the carbonic and sulphurous acids 
that held the bases in combination, in order to set the 
latter free, consequently the method adopted for testing 
Young and Bcil])y ammonia waters is to 
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Take 100 c.c. of the water, and add 25 c.c. of a 
standard normal caustic soda solution, and 50 c.c. of 
refined naphtha, and shake the mixture vigorously for 
three or four minutes. This treatment results in the 
bases being set free by the soda, and taken into solution 
by the naphtha, and after the mixture has settled for 
five or ten minutes, 10 c.c. of the water are drawn off' 
and titrated with acid as above — allowance being made, 
of course, for the standard soda solution that was added 
to the water. 

Testing the water in this manner resulted in the 
usual agreement between laboratory and works— results 
which always differ to the extent of half a pound of 
sulphate of ammonia per ton of shale — that amount 
being the manufacturing or working loss. 

Tt:stinct Sulphate of Ammonia. 

Commercial sulphate of ammonia usually contains 

24 per cent, of ammonia (N Hg) as against the theo- 
retical possibility of 25| per cent. 

The strength is determined by placing, say, one 
gramme of the sulphate in a glass fiask fitted with a 
safety funnel and a delivery tube, which latter dips 
beneath the surface of a standard sulphuric acid solution 
contained in a conical beaker. 50 c.c. of water and 

i 

25 c.c. of a 64° Tw. caustic soda solution are now run 
into the flask through the funnel, and heat is applied. 
After the contents of the flask have been gently boiling 
for half an hour, the cork holding the funnel and 
delivery tube is loosened sufficiently to allow a little 
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of the steam to escape against a piece of moistened 
turmeric paper, and if the latter turns brown the boiling 
is continued until the steam causes no discoloration 
when brought in contact with the moistened paper, 
and which is evidence that the whole of the ammonia 
has been driven over into the acid. The amount of 
acid neutralised is determined by titration with a normal 
soda solution, and the percentage of ammonia contained 
in the sulphate is calculated from the results. 


SuLriiATE OF Ammonia Liquor. 


The variation in gravity of sulphate of ammonia 
liquor due to temperature is given in Table XXXVIII. 


Table XXXVIII. 


Temperature, 
Degrees Fahr. 

Gravity in 
Degrees Twaddell. 

Temperature, 
Degrees Fahr. 

Gravity in 
Degrees Twaddell. 

40 

CO 

130 

43J 

50 

47J 

140 

43 

60 

m 

150 

42i 

70 

m 

160 

42 

80 

4Gi 

170 

41i 

90. 

46 

180 

40^ 

100 

46i 

190 

40 

no 

44J 

200 

S9i 

120 

44J 
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Determination of Boiling Points. 

Tlic boiling point of an oil is the temperature at 
which the vapours form and pass oflf to the condenser. 
As the temperature of the vapours continually rise as 
the distillation progresses, and as the boiling point can 
only be determined by noting the temperature at the 
moment that the first drop of distillate forms, it is 
obvious that any variation in the distance between the 
outlet of the still and the point where the first droj) of 
distillate can be seen, will result in a corrosponding 
variation in the boiling point noted. For instance, if 
the distance between the still and the point where the 
distillate can first be seen is G inches in one case, and 
24 inches in another, it is plain that by the time the 
distillate has travelled the distance of 24 inches the 
temperature of the vapours in the still will be higher 

than when the dis- 
tillate had travelled 
only G inches ; and, 
for that reason, it 
is necessary that 
a standard size of 
still and connections 
should be adopted. 
The Li;?hthouse Oom- 
missioners use the 
form and size of glass 
still shown in Fig. G4, in determining the boiling point 
of oils supplied them — these stills can be easily made or 
supplied by dealers in scientific glass instruments. 
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The thermometer A (Fig. 64) is fastened in the 
fractionating tube B by the cork C, so that its bulb is 
exactly in the centre of the tube B, and so, also, that 
the top of the bulb is level with the top of the delivery 
tube D. The delivery tube 13 is inserted into a glass 
Liebig’s (iondenser, and secured by a cork so that 
inch of the tube projects past the cork. 

After the still has been half filled, heat is to be 
applied gently, but must be suificicrit to cause a 
thorough ebullition, and as soon as the first drop of 
distillate is seen to fall from the end of the tube 1) the 
temperature is noted, and that temperature is the 
boiling point of the oil. 

In determining boiling points, as also in fraction- 
ating oils, the heat applied to the still should only be 
sufihdent to ('.ause the distillate to drop from the con- 
denser, and should never be so great as to cause a 
distillate to run in either a continuous or intermittent 
stream. 


Purification of Crude Oil. 

The company that produces its own, as well as the 
company that buys its crude oil, should have frequent 
laboratory purifications made of the oil to see whether, 
intone case, the shale is still yielding the same quality 
of oil, or, in the other case, the supply of purchased 
crude oifis keeping up to the contract standard. 

The apparatus necessary for this work is inexpen- 
sive and consists of : — 

A copper still (Fig. 65). 

A straight tube condenser. 
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An inverted leg- vise for “ hard pressing wax, 

A “soft” wax press (Fig. 63). 

A set of metric measuring flasks, and a few glass 
stoppered bottles, beakers, &c. 

The still shown in Fig. 65 consists of the body A 
(made of inch thick copper), into the top of whicli 



Fig. 65 . 


is brazed the threaded ring 
B. The cover 0, which is 
threaded so as to screw 
into B, is provided with 
the two slightly tapered 
holes D and E, which 
latter must be carefully 
reamed out so that the 
taper exactly corresponds 
with the taper of the brass 
plug F, and brass fractiona- 
tion tube G. The centre 
of the cover should be 
provided with the square 
projection H, so that, after 
the still has been cleaned 
and the asbestos gasket I 
put in place, the cover can 
be tightly screwed down by 
applying a wrench to the 
projection on the cover. 


while the body of the still is firmly grasped in both hands 
by an assistant The fractionation tube having been 
firmly pressed into its tapered hole, and the still having 
been charged through the plug hole, and the plug 
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inserted, is then placed in a suitable iron ring stand, 
and the distillation effected by means of either a large 
(1-inch diameter) Bunsen burner, or a 3-inch solid 
flame Fletcher burner. 

The condenser may be conveniently made on the 
principle of an ordinary Liebig's condenser, the water 
space being formed by a galvanised iron jacket sur- 
rounding a f-inch copper pipe 3 feet long. About 
6 inches of this pipe should project past each end of 
the jacket. 

The inverted vise is used by wrapping up the 
material to be pressed in a piece of linen and then in 
canvas, and having placed it between two iron plates 
(6 inches long by 4 inches wide and -| inch thick) the 
whole is held between the extended jaws of the vise, 
and then the latter slowly brought to bear on the 
plates. The expressed oil is caught in a tray or other 
suitable vessel placed directly under, and as near to the 
plates as possible. 

The ‘‘ soft " wax press in intended for the purpose 
of enabling oils of low cold test to be obtained. Its 
construction is shown in Fig. 66, and the only parts 
that need special explanation are the plates A and B, 
which are best constructed of cast iron and are hollow. 
Th^ space between the two sides a and b is shown in 
the figure as being 1| inch, but if this were reduced to 
I of an inch, and the remaining | of an inch added 
to the thickness of the sides, it would be an improve- 
ment. The lugs c enable the plates to slide on the 
press-frame rods, but as it is better for the plate A to 
be immovable, it is secured in its place by the screw d. 
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The cooling medium is circulated through the plates by 
being admitted through the connection c, and discharged 
through /—the cooling medium being conveyed to and 
from these connections through extra strong rubber 
tubing. 



Fig. 66. 


If the ciude oil purification is to be made by any 
one who is without the facilities for obtaining cold 
‘‘ brine,” the cooling of the press and also the material 
to be pressed may be advantageously effected by the 
use ctf liquefied carbonic acid. Cylinders of this acid 
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can be obtained at a reasonable cost, and the contents 
of one cylinder would be sufficient to enable many cold 
pressings being made. 

As the temperature at which the crude oil is 
measured should be about 100° to 150° F., and as the 
temperature of the various products when measured 
ranges from 50° up to 150° F., it is necessary that allow- 
ances in volume for variations in temperature be made 
in all cases. The coefficient of expansion is not exactly 
the same for both light and heavy oils, but the differ- 
ence is so small that an allowance of 1 per cent, in 
volume for every 25° F., is sufficiently correct for 
practical purposes in all cases. 

Supposing the still to be ready for charging, and 
that the temperature of the litre (1000 c.c.) of crude 
oil is 145° F., then: — 145°— 60° = 85° above the 
standard temperature, and 85 ~ 25 = 3 ’4 per cent, 
more oil must be added, or, in other words, the still must 
be charged with 1034 c.c. of crude oil at a temperature 
of 145° F., in order to equal 1000 c.c. at 60° F. 

The distillate should run from the condenser in a 
constant but very small stream, and when 75 per cent, 
of the oil has distilled off, the water in the condenser 
should be allowed to heat up. When the distillate 
re^hes an almost black-red colour the supply of heat 
should be shut oflf, and any distillate from that time be 
collected separately and designated chrysene. 

The mmn portion of the distillate (which from a 
good crude oil will be equal to about 94 to 95 per cent, 
of the crude oil charged into the still) having been 
measured (and allowance for temperature made) and its 
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specific gravity having been determined, it is placed in 
a bottle, and after being cooled to about 100° to 120° F. 
is to be shaken for fifteen minutes with 5 per cent, of 
148° Tw. acid. It must then be allowed to settle for 
eight hours at a temperature of 100° F., and having 
been decanted into a clean bottle (so that all the oil 
and no acid tar is obtained) it is to be shaken for five 
minutes with an excess of 65° Tw. caustic soda solution 
and settled for about two hours at a temperature of 
about 100° F. The clear oil having been thoroughly 
separated from any soda tar is now to be measured, and, 
its specific gravity having been determined, charged into 
a clean still. 

In making the following (second) distillation it is 
customary to introduce steam into the still by replacing 
the plug (F, Fig. 65) by a cork through which passes a 
piece of brass tubing that is continued to the bottom of 
the still, and is connected on the upper end by a piece of 
rubber tubing to a flask or can of boiling water. The 
rubber tube should have a -r^’^-inch hole in its side, 
through which it can draw air in the event of the supply 
of heat to the steam generator being accidentally with- 
drawn. This hole will result in more or less escape of 
steam, but if it is not provided and the steam generator 
should by some unforeseen cause cool down, it will result 
in a vacuum that will draw the hot oil from the still 
over into the steam generator, and if any water is left 
in the latter it will be liable to cause a violent explosion, 
not to speak of spoiling the work that has been so far 
accomplished. 

The distillate from the start of the distillation until 
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the bulk specific gravity reaches 750 constitutes naphtha, 
and its volume generally ranges between 1 and 5 per 
cent, on the crude oil. After the naphtha is off, another 
receptacle is placed to receive the distillate, and the 
steam should then be admitted to the still. This 
second fraction of the distillate is 1st stage burning oil, 
and should be run until a drop of the distillate from 
the condenser worm or pipe shows wax when placed on 
a cool (35"^ F.) surface, and as soon as that point is 
reached the distillate is to be caught in another re- 
ceptacle, which must be capable of holding the rest of 
the distillate. The third fraction is ‘‘ heavy oil,” and 
consists of all the oil from the last named point, down 
to the coking of the still. 

After all the water has been separated, the two last 
fractions are to be carefully measured and, after their 
specific gravities have been determined, the “ heavy oil ” 
fraction is to be placed on one side while the burning 
oil fraction is to be treated with 2 per cent, of 170° Tw. 
acid and an excess of 65° Tw. caustic soda, and then, 
after the determination of the specific *gravity and 
volume, it is to be subjected to another distillation 
aided by steam. 

^Tliis time the distillate is to be taken off in two 
fractions; the first consists of the oil from the start 
until thcjbulk specific gravity reaches 810, or, if the oil 
taken from the condenser end and cooled (as above) 
shows wax before the bulk specific gravity is 810, the 
fraction consists of the oil from the start until the first 
trace of wax begins to show. In either case, this frac- 
tion is termed “ burning oil.” The second fraction 
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is the oil run from the above point, to the end of the 
distillation, and is termed “ heavy oil.” 

'llic two fractions arc to be measured, &c., and the 
burning oil one placed on one side while tlie other is to be 
mixed with the heavy oil from the previous distillation, 
and the mixture allowed to cool slowly to a temperature 
of about 50° F. 

Supposing the mixed heavy oils have been cooled 
over night, the now solid mass is cut into pieces of a 
suitable size and pressed in the “ vise.” In doing this 
work it is unwise to attempt to press too much at a 
time, aTid the mass should rather be pressed in four or 
five separate portions until almost free from oil, and 
then these pressed portions should be mixed and sub- 
jected as one to a final pressure for five or six hours. If 
this pressing is carefully done a final pressure of the 
equivalent of 140 lbs. hung on the end of the vise handle 
(3 feet long) can be exerted without bursting the cloth 
containing the wax. 

This operation being completed and the “hard” 
wax placed ftn one side for the present, the expressed 
oil or “ hard squeezings ” are measured, &c., and then 
cooled to 15° to 20° F. and pressed in the soft wax 
press. The “soft” wax resulting from this pressing 
is placed on one side, and the “soft” squeezings, after 
being heated to 70° F., measured, &c., are placed in the 
still together with about 200 grains of solid caustic soda, 
and distilled with the aid of steam, and the distillate 
should be caught in 50 c.c. fractions and the order of 
the fractions carefully marked on the receptacles. 

Supposing that the burning oil from the previous 
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distillation had only been run to a bulk specific gravity 
of 803, it will now be necessary to add fractions (start- 
ing with No. 1) from this last distillation until the 
bulk specific gravity of the burning oil has been in- 
creased to 810. That having been done, it is necessary 
to now take the last fraction and (working backwards) 
add the preceding fraction to it, and so on until an oil 
of 888 bulk specific gravity is obtained ; the resulting 
oil will be untreated lubricating oil. Should any 
fractions or part of a fraction be left over it must be 
measured, specific gravity taken if the quantity is large 
enough, and be reported as “ Intermediate oil. 

The 810 specific gravity burning oil is now to be 
treated with 3 per cent, of 170° Tw. acid and 4° Tw. 
caustic soda, and then constitutes refined burning oil. 

The untreated lubricating oil is treated with 3 per 
cent, of 170° Tw. acid and 4° Tw. caustic soda, and then 
reported as Finished Lubricating Oil. 

The waxes from the “vise” and “soft wax press” 
are weighed (separately) and the weights divided by 
*81 (to convert them into volume), and the melting 
points and percentage of oil having been determined, 
the waxes are respectively reported as Hard and Soft 
Crude Scale. 


Reporting Results. 

In calculating the percentages, &c., prior to filling 
up a report, it is always necessary to make a few other 
calculations also, for the reason that in a laboratory 
purification it is impossible to press the heavy oils, &c., 
without losing a comparatively large amount of oil due 
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to absorption by the press cloths, &c. &c. On the 
working scale this loss is small owing to the cloths, &c., 
being in constant use, and only absorbing a very small 
amount of oil compared with the amount that is passed 
through them. For laboratory work it is usual to argue 
that no oil is lost by the pressing process, and there- 
fore we will suppose that the percentage of mixed 
heavy oils before pressing was 45, and that after press- 
ing 7 per cent, of hard wax and 34 per cent, of hard 
squeezings were obtained. This would give a total 
of (34 7 =) 41 per cent, as against 45 per cent., or 

a loss of 4 per cent. 

The 34 per cent, of hard squeezings after being soft 
pressed, we will suppose, gave 4 per cent, of soft wax 
and 28 per cent, of soft squeezings, or a loss of 2 per 
cent. 

The above figures show that the hard squeezings 
should have been equal to (45 — 7 = ) 38 per cent., and 
therefore if 34 per cent, gives 4 per cent, of soft wax, 
38 per cent, would give (34 :38::4 =)4*47 per cent, of 
wax. The percentage of soft squeezings obtained was 
28, but 4 (= per cent, of soft wax) deducted from 34 
(= per cent, of hard squeezings) gives 30 per cent, if no 
loss takes place, and therefore if 34 per cent, gives 30 
per cent., 38 per cent, would give (34 : 38 : : 30 : =) 
33*53 per cent, of soft squeezings. These calculations 
must be carried out for the squeezings treatment, and 
for the burning oil, intermediate oil and lubi^icating oil 
from the last distillation. 

The following is a most convenient way of reporting 
the results of a laboratory purification. 
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Purijication of* crude oil 

Received from ^ 


Purification of* crude oil 

Received from ^ 




Refer- 

ence 

No. 

Sp.Gr. 

G««leofOil. at 

ume. 

1 

Crude oil 

2 

Once-run oil 

3 

„ „ after treatment with 5 per cent, acid (148°1 

Tw.) 1 

4 

No. 3 oil, after treatment with excess of caustic soda) 


(05° Tw.) / 


No. 4 oil, after distillation : — 

5 

Naphtiia 

G 

Burning oil (let stage) 

7 

llejiyy oil . 


Burning oil : — 

8 

Ifct stage burning oil (No. 6), after treatment, 2 per cent.) 


acid (170° Tw.), and excess caustic soda (65° Tw.) / 


No. 8, after distillation ; — 

9 

Burning oil 

10 

Heavy oil 

11 

Burning oils (Nos. 9 and 16), after treatment, 3 per cent.) 


acid (170° Tw.) and excess caustic soda (4° Tw.) . / 


Heavy oils (Nos. 7 and 10) cooled to 50° F. and pressed : — 

12 

Hurd crude wax, M.F. . . . , containing ... per cent.) 


of oil j 

13 

Hard squeezings 


No. 13 cooled to 20° F. and pressed : — 

14 

Soft crude wax, M.P, . . . , containing . . . per cent, of oil 

15 

Soft squeezings 


No. 15 oil after distillation off caustic soda : — 

IG 

Burning oil 

17 

Intermediate oil 

18 

Untreated lubricating oil 

19 

No. 18, after treatment, 3 per cent, acid (170° Tw.) ) 


caustic soda (4° Tw.) ) 


Finished Products. 

20 

Naphtha (No. 5) 

21 

Burning oil (No. 11) 

! 22 

Intermediate oil (No. 17) 

23 

Hard and soft crude wax (Nos. 12 and 14) M.P. . . . ) i 


(calculated) / 

24 

Finished lubricating oil) No. 19) 

25 

Total 


Signatun 

Date*.., 
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Distillation versus Treatment. 

It will be remembered that it was stated under the 
heading “ Refining that the crude oil purification 
started with a treatment, gave a lower yield and no 
better quality products than a purification started with 
a distillation. The truth of that statement can be seen 
by referring to Table XXXIX., in which is also shown 
the result of distilling the crude oil off caustic soda. 

Table XXXIX. 


Purification Started. 


Finished Product. 

By Distillation 
in usual 
manner. 

By an Acid 
and Soda treat* 
ment. 

By Distillation 
ofl‘ Solid Caustic 
Soda. 

Sp. Gr. 

Percent. 

Sp. Gr. 

Percent. 

Sp. Gr. 

Percent. 

Naphtha . 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Burning oil 

811 

33-66 

811 

31-26 

811 

32-51 


M.P. 


M.P. 


M.P. 


Hard and soft waxes . 

ii7r 

11-45 

119F 

10-30 

ii9r 

11-50 

Lubricating oil 

885 

22-02 

885 

19-12 

885 

22-52 

Intermediate oil 

858 

5-95 

861 

7-90 

852 

9-04 

• Total . 

j 


73-08 


68-58 


75 


The distillation off caustic soda not only results in a 
larger yield of finished products of excellent quality but 
also allows of the crude oil being directly fractionated in 
naphtha, burning oil and heavy oil (No. 5, 6 and 7 of 
the purification Reporting form), and thus does away 
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with the acid and soda treatments and distillation of the 
once-run oil. This method of working of course results, 
by the usual method of recovering soda from coke, in 
the loss of coke for fuel, but the loss would be small 
compared with the saving effected by doing away with 
the once-run oils treatments and distillation, and, be- 
sides, there is no reason why a still furnace could not 
be constructed so as to consume soda coke so that 
sufficient heat would result to distil the oil, and at the 
same time the ashes containiniy the soda could be saved 

o 

and the soda recovered. 


DiFFERENCP] BETWEEN LABORATORY AND WORKS 

Kesults. 

The yield of finished products obtained on the 
working scale is usually 3 or 4 per cent, less than that 
obtained on the laboratory scale, and is due princi- 
pally to insufficient condensing capacity — whereby a 
large amount of oil passes into the atmosphere in the 
form of vapour. 

Analysis of Crude Oil Coke. 

The average composition of the coke from the crude 
oil stills Is : — 

<i)arbon .... 97*96 per cent. 

Sulphur .... 0*26 J„ 

Ash (earthy matters) . . I*'i8 „ 

Total . 


. 100*00 
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Analysis of Gas from Henderson Retorts, 

Specific gravity (air = 1) 0*250. 

Composition ; — 

Olefiant gas . . . 2* 19 per cent. 

Marsh „ . . . 34*20 „ 

Hydrogen . . . . 64*44 „ 

Total . . 100*83 „ 

Amlysis of Sacking or Canvas used in the Pressing 
Department. 

Hemp and flax sacking is often adulterated or 
cheapened by an admixture of Phormium tenax, and, 
in order to detect the presence of the latter fibre, the 
warp and the weft of the sacking are separately moist- 
ened with chlorine water and then a few drops of aqua 
ammonia are added. If Phormium tenax is present it 
will turn a violet red, while the hemp will turn a pale 
rose-pink and the flax will remain colourless. 


Specific Gravity of Waxes. 

Table XL. gives the specific gravities of* difierent 
melting point waxes at various temperatij^'cs. This 
table was compiled by the Author, and first published in 
the * Journal of the Society of Chemical Industry. 

* Vol. viii. p. 162. 



SPECIFIC GRAVITY OF WAXES, 251 

Table XL. 


Specific Gravity of Molten Waxes. 


Temp. 








0 ^ 

M.P. 

M.P. 

M.P. 

M.P. 

M.P. 

M.P. 

M.P. 


108° 

114° 

1201° 

1221° 

122|° 

1281° 

i3;ii° 

ICO 

770 -09 

771*93 

778*91 

770*79 

770*23 

775*73 

777*23 

155 

77M9 

773*30 

775*31 

771*49 

771*63 

776*53 

778*53 

150 

778*09 

774*73 

776*57 

773*19 

772*83 

778*03 

780*03 

145 

775*09 

776*20 

777*77 

775*19 

774*63 

779*73 

781*53 

140 

776*79 

777*03 

778*47 

776*89 

776*33 

781*33 

783*33 

185 

778*99 

779*53 

781*47 

778*69 

778*43 

783*03 


130 

780*49 

781*13 

782*67 

780*29 

779*73 

. . 

. . 

125 

781*99 

783*43 

784*41 





120 

783*59 

784*73 

. . 

. . 


. . 

. . 

115 

785*29 

•* 

•* 


•• 

*• 



Specific Gravity of Solid Waxes. 



M.P. 

106° 

M.P. 

iiir 


M.P. 

1221° 

M.P. 

125f 

M.P. 

131° 

GO 

875*25 

882*30 

898*95 

901*05 

903*50 

908*65 


Chrysene. 

The tCick, heavy substance that distils over at the 
finish of t^e crude, heavy residuums and soda distilla- 
tions, and which has been previously referred to as 
chrysene, is a mixture of that substance with heavy 
oils and tarry matter, and in order to separate the 
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chrysene the mixture must be treated in the following 
way. 

About 2 or 3 lbs. of the hot 200° F. chrysene (as 
made at the stills) are poured into about half a gallon 
of warm 90° to 100° F. refined burning oil, and the 
mixture thoroughly stirred for five or ten minutes, and 
then allowed to cool slowly. After about ten to twelve 
hours the, now, dark-coloured burning oil may be poured 
off very cautiously so as not to disturb the yellowish- 
coloured sediment that will be found at the bottom of 
the vessel. The vessel and its contents having been 
heated over a steam bath to a temperature of about 
200° R, another half gallon of warm burning oil is 
added, stirred and allowed to cool. When this second 
lot of burning oil is decanted it will be noticed that it 
is not nearly so dark in colour as the first lot, and also 
that the sediment has become more disintegrated and 
lighter in colour. The washing process must be re- 
peated eight or ten times, or until the decanted burning 
oil ceases to be discoloured, and when that point is 
reached the sediment should be thrown into a large 
funnel lined with a piece of linen, and there washed with 
three or four successive quantities (of about half a pint 
each) of refined naphtha, and then, after being allowed 
to thoroughly drain, it should receive two washingsVith 
gasoline. The sediment is now spread on a piece of 
clean linen and allowed to dry, the resulting (Jry ycllow- 
coloured powder is pure chrysene. ^ 

No particular use has been found for this substance, 
and it is rather a chemical curiosity than anything 
else. 
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Extraction of Phenols. 

The phenols contained in the soda tar resulting from 
the once-run oil soda treatment, can be extracted and 
purified by — 

First steam about twenty gallons of the tar with 
open steam for three or four hours and then allow to 
settle. In about an hour, more or less paraftin oil will 
have risen to the surface, and after it has been removed 
the tar is to be made very slightly acid by the cautious 
addition of weak (40° Tw.) sulphuric acid with constant 
stirring. Allow this acidulated mixture to settle for 
eight to ten hours and then skim off the crude phenols 
(which have come to the top in the form of a black oil) 
and redissolve them in a slight excess of weak (10° Tw.) 
caustic soda solution, and heat to 150° F. with open 
steam. Allow to stand one hour, and remove any 
traces of paraffin oil that come to the surface, and then 
acidify with weak acid. This process is repeated until 
the soda solution of the phenols ceases to give up any 
paraffin oil, and then the phenols are finally liberated by 
acidification, and placed in a tightly closed earthen or 
glass jar, together with a pound or two of coarsely 
broken fused chloride of calcium. The jar and its 
contents must now be kept at a temperature of 100° to 
120° F. for three or four days, and then the phenols are 
to be carefully decanted into a dry jar containing a 
pound of Ij^oken fused chloride of calcium, and kept for 
another three or four days at a temperaturo of 120° F. 
or so. The phenols will now be sufficiently free from 
moisture to enable them to be distilled. 
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The distillation of the crude phenols must be started 
very cautiously, as it is practically impossible to entirely 
free them of moisture, and the presence of very little 
moisture will cause them to “ foam ” and boil over. 
The still should be only |^th full, and the heat should be 
applied so that it takes at least two hours to bring the 
still’s contents to the distilling point ; and also the top 
of the still should be covered with pieces of burning 
charcoal so as to prevent any moisture from condensing 
and dropping back amongst the hot phenols. The 
water that distils over must be carefully separated, 
and, by distilling slowly, the phenol distillate can be 
obtained practically free from moisture. This distillate 
must now be redistilled three or four times off‘ solid 
caustic soda before it will be sufficiently pure for 
fractionation. 

A glass flask or still, and glass condenser should be 
used in fractionating the phenols, because the distillate 
would be more or less discoloured by coming in cgntact 
with iron or copper. A glass still similar to Fig. 64 
will fill all requirements, and after the distillation has 
started the distillate is run into 4-oz. bottles — one 
bottle being provided for each 10° of boiling point (i.e. 
if the distillation started at 120°, the first bottle would 
be marked, and contain the distillate distilling over 
between 120° and 130°). When all the bottles have 
been filled (by recharging the still a sufficient number 
of times) they are to be arranged in theT order of 
boiling points, and, the still and condenser having been 
•thoroughly cleaned, the contents of the bottle containing 
the lowest boiling point fraction is placed in the still 
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and redistilled. The redistillation will result in a 
slightly lower boiling point at the start, and, a certain 
amount of residue being left in the still, but only that 
distillate that comes over between the temperatures 
designated must be run into the bottle (which latter 
must have been previously cleaned). The residue left 
in the still should be placed in a bottle common for all 
the residues, and then the still is to be charged with the 
next higher boiling point fraction, and so on until the 
contents of all the bottles have been redistilled in their 
proper order. 

After the redistillation of the last fraction, the still 
and condenser must be cleaned and then recharged with 
the lightest fraction again, and so on until each fraction 
has been separately redistilled ten to fifteen times, or, 
until the boiling points are constant (i.e. until the 
temperatures at the start and the finish of the distilla- 
tion are tlie same as the figures on the bottle call for). 
Each fraction, as soon as it has been distilled for the 
last time, should ])e hermetically scaled in a glass tube, 
because the oil quickly oxidises and discolours even if 
placed in corked or glass stoppered bottles. 

The tubes should be marked 

Normal Phenols. 

B.P " to . . . ."F. 

In fritfetionating an oil it is important that the 
rate of distillation should be very regular, and, in 
order to properly regulate it, it is advisable to oc- 
casionally count the number of drops ppr minute or 
half minute. 
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Extraction of Oily Bases. 

The preparation of oily bases from the acid tar of 
the once-run oil treatment is effected by, first of all, 
steaming 15 to 20 gallons of the tar for five or six hours. 
The paraflBn oil that comes to the surface must be re- 
moved and then the acid is to be neutralised by a 
weak caustic soda solution and allowed to settle at a 
•temperature of about 150° F. until the bases have 
separated and risen to the surface. This part of the 
operation can be dispensed with by taking, say, 2 gallons 
of bases from the alkaline cracker boxes (if recovered 
acid is used in the sulphate of ammonia manufacture). 
Whether tlie crude oily bases are obtained direct from 
the acid tar or from the cracker box does not alter the 
treatment to which they must now be subjected, and 
which consists in redissolving the^Q in a weak sulphuric 
acid, separating any paraffin oil^ and then liberating 
them again by neutralisation of the acid with weak 
caustic soda solution. This process should be repeated 
four or five times, and after the final liberation the 
bases should be placed in a jar together with 3 or 
4 lbs. of coarsely broken caustic soda, and the jar, having 
been tightly closed, is to be kept at a temperature of 
150° for three days, and occasionally well shaken fflifing 
that time. At the end of the third day the contents 
of the jar are to be decanted into another jar containing 
2 lbs. of broken caustic soda, and then ke^t at a tem- 
perature of 150^ for a week, at the end of which time 
the bases shauld be sufficiently dry for distillation. 

The process now is exactly the same as that adopted 
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in the case of the phenols. When the fractional distil- 
lations are started it will be found that the bases contain 
more or less moisture, and great care must be exercised 
in heating the glass still at the start. The bases 
appear to have a strong affinity for small quantities of 
moisture, and absorb moisture from the air very rapidly, 
and it is therefore a good plan to keep a stick of caustic 
potash or soda in all the receiving bottles for the various 
fractions, as by so doing the bases are prevented from 
absorbing as much moisture as they otherwise would. 


Preparation of Normal Paraffins. 

The normal paraffins are best prepared from 735 
specific gravity naphtha by treating the latter in the 
following way. 

Two gallons of naphtha are run into a carboy (A, 
Fig. 67) which is fitted with a condenser (B) and con- 
nection (C) common to the funnel (D) and air inlet pipe 
(E), and placed in the tub (F). After a supply of 
cold water has been turned into the condenser jacket 
and allowed to overflow into the tub F, one quart of a 
mixture of one part of fuming nitric acid and one part 
of strong sulphuric acid is poured into the carboy 
tferc’jgh the funnel D, and, having placed a plug (M) on 
the funnel, the mixture of acids and naphtha is to be 
agitated ky connecting E with an air blower (FletchePs 
foot bellows answer the purpose well). After a few 
minutes' agitation, the contents of the carboy will com- 
mence to heat, and may possibly get sufficiently hot to 
cause the naphtha to distil, and in that case the agitation 
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must be stopped. After tbe action between the acid 
and napl\tha has stopped and the contents of the carboy 
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have cooled down to 70^ to 80*^ F., 
another quart of the mixed acids is 
to be .poured into the carboy and 
then agitated and cooled as above. 
This operation is repeated until 
2| gallons of the mixed acids have 
been added, and then a final ad- 
dition of one quart of sulphuric acid 
is made, and after thorougli agitation 
the contents of the carboy must be 
allowed to settle for about ten hours, 
but the water must not be shut off 
from the condenser, because if it is, 
it will result in a considerable Joss 
of light naphtha vapours. 

The ('/mtents of the carboy will 
separate into three layers ; the 
bottom one wdll be dark red in 
colour and have a gravity of about 
118^ Tw., the middle one will be 
cherry coloured and have a gravity 
of about 15° Tw., while the top one 
will have a reddish colour.and s^emfic 
gravity of al)out 755. The top layer 
should be placed in a botfle marked 
“ Impure Normal Pai^^ffins,” and 


after the addition of half a pound of 


solid caustic goda, should be placed on one side, and 


occasionally shaken, for two or three days. This soda , 
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treatment will extract the nitro-compounds formed in 
the previous process. After the oil has been* carefully 
decanted from the soda it must be shaken with suc- 
cessive portions of strong sulphuric acid until the final 
acid treatment fails to discolour the acid, and when that 
point is reached we have pure norntal paraffins. 


Table XLT. 


Depin'es 

: Point 

D('j:jrc'os 

Fiilir(uh(‘it 

Specific ! 
Gravity. 

i Boiling 

_ 

1 l)ec:ree8 | 
Centig;ra(le. ; 

1 

; Point. 

D(‘g:roes 

Falironhoit. 

Specific 

Gravity. 

100-110 

212-280 

•708 : 

. !1 10-21 5 

410-419 

•770 

110-120 

280-248 

•70!) 

215-220 

419-428 

•772 

120-125 

248-257 

•714 

1 220-225 

428-487 

•778 

l2r)-i:!0 

257-2(*»0 

•720 I 

; 225-280 

487-440 

•774 

l30-i;jr. 

200-275 

•728 1 

280-285 

440-455 

•770 

isn-iio 

27.'>-284 

•788 

285-240 

455-4 04 

•778 

i40-ir.o 

i 284-802 

•787 

240-245 

404-478 

•7785 

150-100 

802-820 

•742 

245-250 

478-482 

•7795 

160-105 

820-8)29 

•747 

1 250-255 

482-491 

•7815 

105-170 

829-8)88 

•750 

255-200 

491-500 

•7835 

170-175 

888-847 

•752 

200-205 

500-509 

•7845 

in-VM) 

847-850 

•758 

205-270 

509-518 

•787 

180-185 

850-805 

•7555 

; 270-275 

518-527 

•788 

185-100 

^805-874 

•7585 

275-280 

527-580 

•790 

' 190-195 

874-888 

•701 

1 280-290 

580-55A 

•798 

195-200 

;’f88)-892 

•705 

' 290-295 

554-508 

•797 

200-205 

205-210 

892-401 

401-410 

•7005 

•7085 

1 295-800 

508-572 

• 

•799 
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The pure paraffins must be neutralised with a weak 
solution of caustic soda, settled about ten or fifteen 
hours, and are then ready for fractionation. 

Table XLI. shows the specific gravities of the 
paraffins after tlie fractions have been redistilled eight 
or ten times ; and Table XLII. gives the names, boiling 
points and chemical formulae of normal paraffins. 

Table XLII. 


Name. 

Boiling 

Point. 

Chemical 

Formula. 


®C. 


Octane 

124 


Nonane 

132 

CgH.^Q 

Decane 

161 

^10^22 

Undecane 

182 

^11^24 

Dodecane 

198 

C,A6 

Tridecane . ... 

217 

^13^^28 

Tetradecano 

238 

^14^^30 

Pentadecano 

258 

f^l5^32 

Hexadecane 

278 

^16^34 

Heptadecane 

298 

^17^36 
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Table XLIII. 

0® Twacldoll and 0° Baume = 1000 specific gravity. 


Equivalent of Twaddell Degrees in Baume Degrees and Specific Gravity. 


Twnd- 

dcll. 

1 

Baume. 

Specific 

Gravity. 

Twad- 

dell. 

Baume*. ^ 

Specific 

Gravity. 

Twad- 

dell. 

Baume*. 

Specific 

Gravity. 

1 

0*7 

1005 

31 

19-3 

1155 

61 

33-7 

1305 

2 

1-4 

1010 

32 

19-8 

1160 

62 

34-2 

1310 

8 

2*1 

1015 

33 

20-3 

1165 

63 

34-6 

1315 

4 

2-7 

1020 

34 

20-9 

1170 

64 

35-0 

1320 

5 

3-4 

1025 

35 

21-4 

1175 

65 

35-4 

1325 

6 

4-1 

1030 

36 

22-0 

1180 

66 

35-8 

1330 

7 

4-7 

1035 

37 

22*5 

1185 

67 

36-2 

1335 

8 

5-4 

1040 

38 

23-0 

1190 

68 

36*6 

1340 

0 

6-0 

1045 

89 

23-5 

1195 ! 

69 

37-0 

1345 

10 

6*7 

1050 

40 

24-0 

1200 

70 

37-4 

1350 

11 

7-4 

1055 

41 

24-5 

1205 

71 

37-8 

1355 

12 

8*0 

1060 

42 

25-0 

1210 

72 

38-2 

1360 

13 

8-7 

1065 

43 

25-5 

1215 

73 

38*6 

1365 

14 

9*4 

1070 

44 

26-0 

1220 


39-0 

1370 

15 

10-0 

1075 

45 

26*4 

1225 

75 

39*4 

1375 

16 

10-6 

1080 

46 

26-9 

1230 

76 

39-8 

1380 

17 

11-2 

1085 

47 

27*4 

1235 

77 

40-1 

1385 

18 

11-9 

1090 

48 

27-9 

1240 

78 

40-5 

1390 

19 

12-4 

1095 

49 

28-4 

1245 

79 

40-8 

1395 

20 

13-0 

1100 

50 

28-8 

1250 

80 

41-2 

1400 

21 

13-6 

1105 

51 

29-3 ! 

1255 

81 

41*6 

1405 

22 

14-2 

1110 

52 

29-7 

1260 

82 

42-0 

1410 

• 23* 

14-9 

1115 

53 

30-2 

1265 

83 

42-3 

1415 

24 

15^4 

1120 

54 

30-6 

1270 

84 

42*7 

1420 

25 

16-0 

1125 

55 

31-1 

1275 

85 

43-1 

1425 

26 

1^5 

1130 

56 

31*5 

1280 

86 

43-4 

1430 

27 

17-1 

1135 

57 

32*0 

1285 

87 

43-8 

1435 

28 

17*7 

1140 

58 

32-4 

1290 

88 

44-1 

1440 

29 

18-3 

1145 

59 

32*8 

1295 

89 

44-4 

1445 

30 

18-8 

1150 

60 

33-3 

1300 

90 

• 

44-8 

1450 
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Table XLIII. — continued. 

0 '' Twadtlell and 0° Baume = 1000 siiecific gravity. 


Equiviilcnt of Twaddt'll Degrees in Baume Degrees and Specific Gravity. 


Twiul- 

dell. 

Baume'. 

Sjiecifie- 

Gravity. 

Twad- 

dell. 

Baume. 

Specific 

(Gravity. 

T wad- 
dell. 

Baume. 

Specific 

Gravity. 

91 

45-1 

1455 

121 

51-4 

1005 

_ 

1 151 

__ 

02-1 

1755 

92 

45*1 

1400 

122 

51*7 

1010 

152 

02-8 

1700' 

98 

45-8 

1405 1 

128 

55-0 

1015 

153 

02-5 

1705 

94 

40*1 

1470 : 

121 

55-2 

1020 

154 

02*8 

1770 

95 

40-4 

1475 

125 

55-5 

1025 

155 

03-0 

1775 

90 

40*8 

1480 ; 

120 

55*8 

1030 

150 

03*2 

1780 

97 

47-1 

1485 

127 

50-0 

1035 

157 

03*5 

1785 

98 

47-4 

1490 , 

128 

50-8 

1040 

158 

03-7 

1790 

99 

47-8 

1495 1 

129 

50-0 

1015 

159 

04*0 

1795 

100 

48-1 

1500 

130 

50-9 

1050 

100 

01 ‘2 

1800 

101 

48-4 

i 

1505 

181 

57-1 

1055 

101 

04-4 

1805 

102 

48-7 

1510 i 

182 

57-4 

1000 

102 

04-0 

1810 

m 

49-0 

1515 j 

133 

57-7 

1005 

103 

01*8 

1815 

104 

49-4 

152« 

134 

57-9 

1070 ! 

104 

05-0 

1820 

105 

49*7 

1525 j 

135 

58-2 ' 

1075 i 

i 

■ 105 

05*2 

1825 

100 

50-0 

1530 

180 

58-4 

1080 i 

: 100 

05*5 

1830 

107 

50*3 

1585 ; 

187 

[ 58-7 

1085 1 

; 107 

05*7 

1885 

108 

50-0 i 

1540 

188 

58-9 

1090 i 

' 108 

05-9 

1840 

109 1 

50-9 ' 

1545 

13,9 

59-2 ' 

1095 ; 

, 109 1 

00*1 

1845 

110 

51*2 

1550 

140 

59-5 

1700 i 

1 

; 170 

00*3 

1850 

111 

51-5 

1555 

141 

59-7 

1705 

! 171 

00*5 

1855 

112 

51-8 

1500 i 

142 

00-0 1 

1710 

1 172 

00*7 

1800 

118 

52-1 

1505 ; 

148 

00-2 

1715 

: 178 

07*0 

'ISCfe 

114 

52-4 

1570 1 
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1850, October 17. No. 13,292. 

YOUNG, James. ^^Imjnvvcmmh m the treatment of certain 
Utmimms mineral mhtam’S^ ami in obtaining products therefrom '^ — 
These arc, “the obtaining of j)araffinc oil, or an oil containing 
j)araffinc, and paraffine from bituminous coals,” by treating them 
as follows : The coals broken into small pieces are put into a 
common gas retort, with a refrigerator kept at about Ob'* F. ; the 
retort is then “gradually heated up to a low red heat, at which it 
is to be kept until volatile ju’oducts cease to come off ; care must be 
taken to keep the temperature of the retort from rising above that 
of a low red heat, so as to j)rcvent as much as possible the desired 
products of the process being converted into permanent gas.” The 
coke is then withdrawn, and the retort allowed to cool “below a 
visible red (t(; prevent the waste of the fresh material to be intro- 
duced), may be again charged.” If desired, some of the matters are 
run from the retort by a pipe “ provided in the anterior and lower 
part of the retort.” Other arrangements for distilling may be used, 
“ but in order to obtain the largest quantity of crude paraffine oil 
from coals by means of this process, and produce the smallest 
quantity of permanent gas by the action of the heat employed, 
whatever may be the apparatus used, care must be taken to heat 
the coals gradually, and to apply the lowest temperature necessary 
,to complete the operation.” The crude oil is heated to separate 
water and .impurities, and distilled ; the distillate is treated with 
sulphuric acid and afterwards with soda, and again distilled. This 
oil is di^illed with water to separate a volatile fluid fit for illumi- 
nation, the residue separated from the water is treated with 
sulphuric a(?id and afterwards with chalk; this oil may be burnt 
in argand lamps, or, alone or mixed with other oils, is used for 
lubricating purposes. The paraffin may be separated from this oil 
by cooling, filtering it out, and treating it alternately with sulphuric 
acid and soda. 
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1853, February 4. No. 307. 

PERKINS, John. Improretnenh in the irmfiueni of certain 
Uhmmoys rtdncral suhtaruies, ami ohtaimjif/ pm]vdi< theirfrom .” — 
These are, “ the obtainitig of paraffine oil, or an oil containing 
paraffine, and paraffine fi'om bituminous miiieral substJinces found 
in the coal formation, and known in their resp(;(;tiyc localities under 
the name of basses, black basses, bats, blacs, greasy blaes, shining 
blacs, coal shales, argillo bitumens, or bituminous argils, bituminous 
sandstones, and asphalt coals (not including bituminous coal), yield- 
ing bituminous matters by the application of heat.” The aj)i)aratus 
is of the ordinary character; “a low red heat will be found to be 
the best temperature for getting the largest quantity of paraffine oil 
and the least ((uantity of permanent gas, and napthafine products.” 
The paraffine is obtained from the oil by crystallisation, filtration, 
treatment by sulphuric acid and washing with water. 

1853, August 23. No. 1957. 

BROAVN, William. (Provisional protection only.) An improved 
m)de of obtaining rolatile prodiirk from, hitinnimms coals awl other 
Utummms sahda.nccsT — This consists in burning these substances 
“ in a furnace so constructed that the U])per ])0]'tion of the charge ” 
is gradually acted on by the heat evolved from the lower portion 
of the charge, so that the volatile matters ” of “ the upper portion 
of the charge are driven off* before such portion has descended 
sufficiently low in the furmicc to undergo combustion.” 

1853, December 20. No. 2958. 

WAGENMANN, Paul. “ Imprmmicnh in the immnfadure of liquid 
hydroearlmis awl para JfinT —These consist in breaking “the coals or 
bituminous slate in pieces of about the size of a walnut, and if they 
are very sulphurous,” “sprinkling them with lime water,” anii 
drying them in a drying furnace, in preference, particularly con- 
structed. The coals or bitumens ai‘e distilled in retorts differing 
from gas retorts by having the pi})es “ letting out the jeoduce of 
distillation” on “the opjjosite ends to those where the fire-doors 
are.” The retorts are so arranged in a furnace that th*o flame from 
one Are is led to the others, so as “to heat the retorts by a 
graduated heat. The tar obtained is mixed with a solution of 
sulphate of iron an,d heat applied to “ 28° or 30° centigrade.” The 
tar is now distilled by heat and steam under pressure into the 
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retorts. The distillate is fractionally collected into three products, 
Nos. 1, 2 and 3, according to their gravities, and they are further 
treated, according to their gravity, with certain percentages of 
sulphuric acid and soda and distillation. The paraffin is separated 
from the heavier oil by crystallisation, and [)urified by pressure 
treatment with sulphuric acid, &c. 

1854, March 3. No. 515. 

BROWN, William. (Complete Specification, but no Letters 
Patent.) An improved 7}W(i(’, of oUaining volatile products from hitvn 
mimnis coah aud other hitmnUoms snhsianc.es,” — This consists as 
follows : Instead of retorts or such like vessels heated outside, 
“ substituting therefor an air-tight furnace into whicli the bitu- 
minous coals,” tV:c., “ arc introduced, and the volatile products 
thereof arc disengaged and obtained therefrom ” by means of fire 
inside .the furnace. The furnace is furnished below with furnace 
bars and a furnace door ; at the top of the furnace is a hopper, 
through which the bituminous coals, &c., are “ introduced into the 
furnace, and at the top of the furnace is also jdaced a still head 
for receiving the volatile products when disengaged.” 

1855, September 18. No. 2107. 

BARKY, Ptkruk C^nfeoN. (Provisional jn-otoction only.) “/7?v 
proremeuts in treating hitumiuous shale, boghead mineral, and other like 
scMsfons bodies, in order to obtain various commercial products therefromf 
— These are, employing retorts and condensers in the usual way. 
The crude oil is rectified into oils by suljffiuric acid, alkalies and 
distillation. The residue forms with caustic soda a black grease 
named “mineral paraphinized grease.” The paraffin is sejiarated 
from the heavier oils by filtration through bags, “ and submitted to 
pressure.” 

185G, February 28. No. 516. 

• 

BROOMAN, RiciiAiU) Aiiuiiiuau). (A communication from Pierre 
Gedcon Barry.) “ Imjwovenunts in treating hitnminons shale, boghead 
mineral, and other like schistous bodies, in order to obtain various commer- 
cial products tkerejrom ,” — These arc, in reference to this subject, by 
distilling anti treatment with sulphuric acid and soda of the raw 
oil, and fractionally redistilling the result, obtaining first, “ essential 
oil,” which may be used as a solvent for caoutchouc, &c. ; second, 
‘ an oil for lighting jmrposes ” ; third, “ a fatty unctuous oil for 
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msLc\vmeTy’’ • iowrtli, “a liquid tar for lubricating pur- 
poses” *, Mtb, “a solid tar”; sixth, “parapbine, white and 
transparent as sperm ” ; &c. 

1858, May 19. No. 1117. 

KERNOT, Charles Middleton. (Provisional protection only.) 
“ Improvements in distilU'iig shaky hogheady and other mineral matter s ^ — 
Those arc, having in the upper part of the retort “ two perforated 
plates, between which, when first distilling shale,” <fec., are “ placed 
powdered coke and sand in layers, through which the evolved 
products pass, and are filtered on their way to the head and thence 
to the condenser.” In re-distilling oils from mineral matters the 
tube to carry away the vapours descends some distance into the 
still, but is above the charge, and has at its upper end a gutter or 
hollow channel to retain the condensed products. In this pipe are 
“two perforated plates, between which are placed (in layers) 
matters suitable for acting on the passing products in chemical or 
mechanical manner.” The matters are “ black oxide of manganese, 
sulphate of iron, chloride of potash, bichromate of potash and others, 
according to the action desired to be produced.” 

1860, November 23. No. 2875. 

HUMFEEY, Charles, and HUMFREY, Charles, the younger. 
(Provisional protection only.) ^'Improvements in dktilling coal and 
peat a,nd hituynino'os and coaly mineralSj and in the treatment of the 
products therefrom” — These are, constructing and arranging “the 
retorts in which the decomposition of the mineral is effected in 
such fashion that the bottom on which the mineral is placed is 
heated strongly, while the top and sides are kept comparatively 
cold,” and introducing into the same a stream of gas or air, so as to 
“carry off" the vapours into the condensers as soon as formed, 
instead of leaving them for a long time in the retort.” Steam may 
sometimes replace the gas or air. 

1861, February 25. No. 486. 

YOUNG, James. "Improvements in apparatus for the treatment or 
distillation of hituminous substances” — A series of vessels'”*/ or chambers 
being placed side by side, or in a circle, or in any other convenient 
position, are first filled with the bituminous coal, or other substance 
to be treated. A jet of steam of the temperature necessary for 
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effecting the distillation is then admitted into the first vessel of the 
series, and passing through the contents of the vessel raises the 
temperature thereof to its own heat, or nearly so, and is then hy an 
outlet j)ipe carried to the second vessel, through the contents of 
which it ])aHses, as before, being again carried to the third vessel, 
and so on throughout the series ; the oils as they arc condensed and 
the condensed steam being withdrawn from the vessels. After the 
oil has been distilled off the contents of the first vessel, the steam is 
cut oil' from that vessel a,nd a 2 )plicd directly to the second vessel ; 
the contents of the first vessel are then withdrawn therefrom, and 
that vessel is again filled with bituminous coals, or other substances 
to be distilled, and ma-de the last of the series, and so on, so that 
the process is a continuous one. The permanent gas necessarily 
arising in the pro(;ess will pass away from the vessel, which for the 
time being is the last of the scries.” 

1862, March 3. No. 574. 

BELL, Thomas. (Provisional ])rotection only.) Improvements in 
apparatus for distilling shale and other hUtminous mimmUs.” — These 
are, “to facilitate the treatment of large (piantities of mineral 
rapidly and economically.” There arc “ two or more furnaces, one 
of which communicates with a central vertical flue, having formed 
round it an annular chamber, whilst the other furnaces communicate 
with flues outside, encircling such retort chamber. A pipe or pipes 
are [)rovidod to carry away the volatile matters, and valved hoppers 
are arranged at the top of the retort chamber for the introduction 
of the minerals.” The refuse or waste matters pass oft' by discharge 
tubes. The retort chambers arc heated by internal and external 
flues, heated by separated furnaces or otherwise. The retort 
chamber may be divided, “ or there may be two or more se])ai’atc 
retort chambers disposed concentrically or otherwise, with inter- 
mediate flues.” 

1863, August 21. No. 2080. 

GRIFFITHS, Robert. ^"Improvements in the constnidlmi of retmis 
ar ovens for%xlracting oil from certain descriplimis of canned coal m' other 
hitnnnnons snhdances.” — These are as follows : A retort aljout one 
foot deej), four wide, and thirty long, “ is built or fixed at such an 
angle that when small coals are placed upon the upper end of the 
retort they will slide down the sloping bottom thereof by their own 
gravity ” ; doors are lixed by screws, or otherwise, at each end, and 
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a pipe at the upper end, and another pipe not far from the fire end 
conducts “away the vapours formed by distillation to the con- 
densers.” “ A furnace is constructed under the lower part of the 
retort, which at this part is horizontal, and a slide or dividing plate 
is introduced between it and the inclined part of the retort, so that 
the contents of the horizontal part may be discharged, and then by 
withdrawing the slide and allowing the coal to slide down the 
incline be readily refilled. The flue of the furnace passes under the 
entire length and width of the retort, passing out to a chimney at 
the top end thereof, or the flue may return over the top of the 
retort, and bo conducted to a chimney placed in any convenient 
situation. In place of making the inclined portion of the retort 
straight, .as before described, it may be of zig-zag form, or jirranged 
at different angles in the course of its length. Each section or 
incline thus arranged has a slide to arrest the descent of the coals 
contained therein, so that the contents of each section may be 
allowed to descend in succession from one section to another.” 
“When fully acted upon, openings or doors arc formed at each 
angle for the introduction of a poker or rake when required ; pipes 
ai’e also applied for conducting the vapours away to the condensers 
as generated.” Another arrangement of retort consists of a “hori- 
zontal cylinder having an internal openwork cylinder or portion of 
a cylindrical cage of iron or perforated earthenware supported 
therein, leaving an annular space between it and the interior of 
the retort, in which space the material to be treated is placed. At 
one end of this retort two doors are placed, one above the other, for 
supplying and discharging the contents, a pipe or pipes being 
applied at the other end to conduct the vapours to the condensers 
in the ordinary manner. A furnace is constructed underneath at 
one end of the retort with flues to conduct the heat around the 
retort, or the cylindrical retort may be placed in a vertical position 
with an internal cylinder forming a central flue, and with cylin- 
drical cages forming annular spaces in which the cannel coal to l}e 
treated is placed. The flues from a furnace or furnaces are 
conducted through and around the interior and exterior of this 
arrangement of retort so as to heat the surfaces exposed thereto.” 

1863, September 14. No. 2255. 

BELL, Thomas. (Provisional protection only.) Improvements in 
apparatus for distilling shale or other hitumirmis minerals.” — These are, 
“a series of what may be termed horizontal edge retorts are 
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arranged side by side, but with intermediate spaces, in a building 
which is constructed with a series of furnaces disposed beneath the 
front ends of the retorts. The fire gases from each furnace pass up 
(by preference through a brickwork grating) into a space between 
two adjacent retorts, and along the bottom of that space beneath a 
horizontal partition towards the back end, whence they return above 
the partition towards the front end, finally entering a horizontal 
flue which crosses the tops of the front ends of the retorts, and 
conveys the gases from between the several retorts to the chimney. 
Each retort is formed with a mouth and a hopper in its top for 
feeding in fresh mineral, and with a door on its front end whereby 
to remove the exhausted materials, whilst the pi'oducts of distilla- 
tion j)ass off by a pipe at the back end, this pipe communicating 
with a space inside the retort, separated by a perforated vertical 
partition through which the products find their way.” 

1863, November 12. No. 2812. 

CRAIG, Andrew. (Provisional luotection only.) Inip'ovcMents 
in dktilling hjfdrncarhom from mal^ shale, and other bitumhwns sub- 
stances, and in apparatus emplotjed for that purpose,'^ — Those are, 
modes of distilling so as to get the hydrocarbons off as rapidly as 
possible. One is an annular retort, “ the outer surface or wall of 
such retort being heated to the recpiisite degree ” in any way, 
whilst the whole or greater part of the inner wall is provided 
with a number of small openings through which the volatilized 
hydrocarbons pass into the central enclosed space” with all the 
arrangements for condensing them. Another mode is, the fire is in 
the centre, and small holes are “ in the outer wall of the retort 
instead of the inner wall ” ; or, a narrow flat chamber is heated on 
one side to the requisite degree, “ whilst the other side is provided 
with a number of small apertures.” In each case requisite con- 
densers are provided. 

1863, November 19. No. 2899. 

SOUTHBlf, Anthony Gapper. (Provisional protection only.) 

Improvements of stills or retarts for the distillatimi of pclroleum. or tars 
from coallff sltale or the products thereof,^' — These are, “arranging a 
series of stills or retorts at different levels, so that tar poured into 
the uppermost one will descend to the lowest, so that what remains 
may be drawn from it or them either intermittently on cooling the 
jpstill, or continuously in a liquid state through a refrigerator.” 
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1863, November 25. No. 2963. 

PAKKIN, George. Tniiwommmis in apparafm nnplojfed in the 
manvfadmr of parnffm and other like oils from shale, canvA, and other 
minerals^ — These arc, “casting or otherwise forniiiig the said 
apparatus or retort with one or more flues, pipes or passages 
therein to (‘.arry thereunto and therethrough the flames or heated 
gases from a furnaet; airanged in relation to the retort, in any usual 
or convenient way.” The apparatus or retort at present j)i*efcrred 
“ is of the horizoTital class, larger than those now in use, and pro- 
vided with four flues carried from the back forwaj'd near to the 
mouth, where by l)ends they arc carried outwards through the 
sides into the furnace flues to a convenient position to receive the 
flame or heated gases,” “ su])ply hoppers, openings for canying off 
the products, and doors for withdrawing the exhausted materials 
being provided.” 

1864, March 2. No. 521. 

KAEBUKN, John Peter. (Provisional protection only.) “Jr/t- 
provenifaits in Ihe produdion of oil, or oleaginous or spirituous ami gaseous 
'inatlers from, coal and other mmcral suhsia'iu:es awl vegeta,hle deposits, and 
in ihe nuvMnerg, apparatus, or means emploged therein ^ — These are, 
“employing retorts ha.ving a circular, reciprocating, or other con- 
venient motion imparted to them from any convenient source of 
prime mover, and of any convenient shape or form, but, by prefer- 
ence, made cylindrical.” In the sides or ends are apertures having 
doors or covers for feeding in the materials, secured by “screws or 
in any other way, as usual.” In one or both ends are jointed pipes 
which remain stationary while the retort moves, for carrying off the 
products of the distillation to the condenscr.s. “The retort is 
enclosed in a brick furnace as usual, and heat applied to it in the 
ordinary manner.” 

1864, May 31. No. 1349. 

YOUNG, James. — Improvements in the freaimeMt or [lidillation of 
hiinmmms substances.” — These are, “the system or mode of effecting 
the distillation of bituminous substances which do not jnelt at the 
temperature requisite for their distillation in a continuous manner 
in a scries of vessels by the aid of suitable hot gases.” ' The gases 
employed contain no oxygen, are derived from fuel fh a separate 
apparatus, and “ are caused to be brought into contact with the 
charge in the first vessel of the scries, and after imparting heat 
.thereto to pass off by the connecting jhpe or passage to the seco^id^ 
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vessel, and so on through the series ; the oils as they are condensed 
being withdrawn by special pipes from the several vessels. So soon 
as the whole or the greater portion of the oils have been distilled 
from the charge in the first vessel, the hot gases are cut off from 
that vessel and passed directly through the second vessel, the con- 
tents of the first vessel being withdrawn, and so on throughout the 
series of vessels, each vessel being refilled as fast as it is emptied, 
the process lieing conseipiently continuous.” “ The permanent 
gases })ass off from that vessel which is the last of the series for the 
time being by a pipe or pipes provided for that purpose.” 

1864, June 2. Mo. 1368. 

CORMACK, William. (Provisional protection only.) '‘^Improve- 
ment in the distillation or destruciire distillalh/n of all solid matters or 
semi-solid midteis eapfdde, of jiieldiiaf Jtnids, or tjaseons hi/dro(:(U'ho)ts, or 
other prod nets of aiuf hind whatsoever^ he then liipdds, flnids, or sdids, 
snrJi a.s pit eoaf hnjltead, or other hituminons coal or shale, peat, wood, 
asphalts, tallow, lard,fals, ar other semi-solid matters, and iit the treatment 
of the samel — These arc, “introducing a jet, stream, or current of 
any atniosjiheric air, steam, or vapour, gas or gases, singly or com- 
bined, superheated or otherwise, into the retorts, ovens, or other 
vessels, such as arc usually employed for their distillation.” These 
vapours oi' gases are conducted “ either above or near the surface,” 
and by these moans the yiroducts of the distillation are obtained 
at a considerably lower ternjieraturc than hitherto accomplished. 
Also using “the gaseous y>roducts given off from one or more 
retorts or vessels to be conducted into other retorts or vcssscls, or 
through a succession of 'them, and to act u])on the surface of the 
matter to be distilled in the similar way as above described.” 

1864, October 10. Mo. 2184. *) 

BECRTON^ James Oeorle. Improvememts in heating retorts and 
other ovens for the distillation of shale, coal, and other snhstancesl ' — 
Retorts cjpployed in distilling lias and other shale, or coal, in order 
to manufacture yietroleum, or other oils or gases, are connected with 
blast or^fhilfir furnaces, in order to be heated by their waste gases. 
Above a flue conveying the gases from the blast furnace, are 
arranged a series of oblong ovens, each one containing a number of 
retorts. These latter arc suspended from their upper ends, leaving 
their lower ends unconfined, in two or more rows, yiarallcl with the 
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flue, “ so as to leave space between the rows to act as a chamber for 
the combustion ” of the gases. According to one plan, the gases are 
introduced from the flue, and burnt in the oven without coming 
into direct contact with the substances being distilled. In the 
upper part of the flue, beneath the opposite ends of the oven, are 
two or more passages, terminating above as many grates, upon 
which fuel is burnt for the purpose of igniting the gases. The pro- 
ducts of combustion are then conveyed through flues to the several 
ovens. “ The upper ends of the retorts are provided with remov- 
able covers for charging in the materials, and are connected together 
by lines of rail ” so as to be filled from waggons. “ The products of 
distillation pass from the retorts ” by means of internal perforated 
pipes, “and thence into a main.” The remaining matters can be 
discharged from their lower ends into waggons running on rails 
beneath. In a modification of this process, the treated gases pro- 
duced in the oven are reconducted directly into the retorts, “and 
come into absolute contact with the matters for distillation,” instead 
of acting externally, and having their heat conveyed through the 
material of the retort. 

1865, March I. No. 571. 

YOUNG, James, (Provisional protection only.) Iniproremmts 
in distilling hitumimm substances ami in airpanifus eniploged therein ! — 
These are, employing “for the distillation of such substances of a 
chamber or vessel with one opening at the top, by which the coal 
or other bituminous substance is introduced, and an opening at the 
bottom by which the residue is withdrawn ; the heat required to 
distil the bituminous substance brings the hot products from the 
combustion of coke or other fuel forced or drawn through the 
interior of the chamber or vessel among the substances to be dis- 
tilled.” 


1865, October 4. No, 2544. 

CKAIO, Allan. (Provisional protection only.) ^Lmprovemenis in 
apparatus for extracting oil from coal, shale, and other These 

are, drawing off the oil from the bottom of the retort, “which 
although attempted has been hitherto found impracticable,^ owing to 
the difficulty of keeping the dust and dirt out of the oil, and also 
.the difficulty of discharging the coke from the retort.” A retort, ^ 
vertical. Larger in< diameter at the bottom than at the top, has “ a 
hopper, at* the top for supplying the coal or mineral, and a vessel ^ 
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containing water at the bottom, and with the usual fire-place and 
flues for heating the same.” In the interior of this is “ a casing con- 
structed (by preference), in a cylindrical form, and consisting of a 
series of pieces or rings placed one above the other, so as to present 
a perfectly smooth and cylindrical surface on the exterior.” A 
space is left between each ring, the lower edge of each ring over- 
lapping the upper edge of the one below it. The oil escapes through 
these “ spaces into the interior of the casing, and passes out through 
a horizontal or other pipe connected to the latter at or near its 
lower end.” Although the internal casing is by preference cylin- 
drical, it may be of any form desired, and also the “ casing might be 
cast in one piece (instead of several), if the edges of the interstices 
are not made to overlap each other,” but the first mode of construc- 
tion is preferred. 


1865, October 30. No. 2793. *) 

MELDKUM, Kdw'ARI). “ Imin'orcimmU in the of coal and 

shak^ and in ike apparatns employed therein^ aynmting in the adaptation 
thereto of ^^a rrlhdar amngenmd of ret(nis” — The longitudinal space 
betwcoii two brick walls is divided by transverse metal partitions, 
with fire-clay or metallic tops, so as to form a series of cells. The 
partitions arc built up of tongued and grooved bars, jointed with 
fire-clay, bolted together, and having flanges at each end to keep 
the walls in position. The tops of the retorts have feeding hoppers 
and closing plugs for charging and discharging the fuel ; and each 
cell has a metal lid at the bottom, with “a partly moving grating ” 
for carrying the coal or shale. “Beneath this grating a pi])e leads 
to a depositing vessel, from the upper part of which a branch pipe 
leads to an ordinary hydraulic main.” In working the retorts each 
alternate cell is charged with the fuel, and the intermediate cells 
•with the coal or shale to be distilled. The fuel is lighted from the 
top, e^ch (yll holding it being left open at top and bottom, and the 
distilling cells being closed. When the fuel is burnt down in any 
cell, it is Replaced by coal to be distilled, while the coke left in the 
previously distilling retorts is lighted, in order to serve as fuel to 
distil contents of the other retorts. If found requisite, the 

residuum inay have fresh added to it. Instead of this alternate 
method of firing, the whole set may be charged with fresh material 
at each time ; and the cells may be placed horizontally as well as 
vertically. 
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1865, December 2. No. 3101. 

BENNIE, Thomas Newton. (Provisional protection only.) “ Im- 
proventents in appamim for disUllmg oils ami wmlmsimj oily vapours .'' — 
These are, first, “the ai)paratus or retorts for distilling oil from 
shale and other substances.” It consists of a pan provided with a 
cover through a gland in which the “shaft of an agitator passes. 
The agitator is caused to rotate by any suitable gearing,” and is 
composed of claws or forks which turn over the shale while heat is 
applied beneath the pan. “The j>an is provided with doors for 
charging and discharging and with an outlet in the cover for carry- 
ing off the vapours to a condenser.” Second, constructing condensers 
for condensing the vapours of these oils. A tank of iron or other 
material is placed at a convenient distance from the back end of the 
retort. At one side of this tank a box is fitted “ into which the 
pipe or pipes from one or more retorts is or are received,” })re- 
f erring “ that these pipes should be tapered, the small end being 
towards the retort.” The tank communicates by an opening with 
the box, so that the oily vapours are free to pass into the tank and 
into vertical or inclined tubes fitted to a plate on the top of the 
tank, the lower ends of these tubes arc open to the tank, their 
upper ends communicate with a chamber which receives “ any per- 
manent incondensible gas ” which may be conveyed to a gas holder 
for use. The chamber receiving the permanent gases is heated by 
a steam })ipc “to melt any paraffine adhering to the sides of the 
tubes or to cause an upward draught if required.” 

1865, December 20. No. 3285. 

GIBBON, John. (Provisional protection only.) improved 

rekni for distilling or extracting products from c/mnel coal, shale, or schist 
and nme esjieciallyfroin small emd or dust kcMmiUy known as ‘ slack' ” — 
This consists “in applying self-acting feed and discharge apparatus 
to a revolving cylindrical wrought or cast-iron retort,” the inner- 
surface of which has a projecting ridge which encircles it “in a 
spiral manner, the same as the interior of a female screw,” and “ is 
BO arranged for the purpose of causing the material to b^ operated 
on to advance from one end of the retort to the other, which it will 
do of itself, as the retort revolves by following the course of the 
spiral screw or worm formed by the projecting ridge.” In prefer- 
ence the ends of retort are “ taper or narrow ” to “ connect them ‘ 
to the feed and discharge ends respectively, which ends are of 
less diameter than the body of the retort, and are also provided 
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with spiral ridges on their inner surfaces in the same manner as the 
interior of the retort. The feed and discharge ends revolve in 
stuffing boxes, the feed end being connected with a hopper, into 
which the material to be operated upon is fed,” and the discharged 
end is connected with a chute, and ‘‘the gas or vapour passes 
through the said discharge end into a condenser of any suitable 
and convenient form.” The retort may be inclined, mounted on 
brickwork, heated with one or two fires, “ and by means of worm or 
other suitable gearing, the retort may be caused to revolve.” 

18G5, December 27. No. 3345. 

YOlJNQ, James, Junior. — ^^ImpromnenU in treating hgdrocarhon 
oik .’’ — These are, “treating certain hydrocarbon oils, such as 
paraffine, so that their s})ccific gravity is thereby reduced, and their 
properties otherwise altered,” “ by heating and distilling these oils 
under pi'essure.” The distilling vessel should be cai)ablc of resisting 
“a pressure of at least one hundred pounds to the scpiare inch, the 
hefit being applied thereto in the usual manner.” In practice “ a 
pi’cssuro of about twenty pounds to the scjuare inch in the boiler 
or vapour generating vessel is suitable for the trciitment of heavy 
hydrocarbon oils obtained from coal oi* shale, but such pressure may 
be varied to some extent.” It will be found in all cases that the 
result of the i)rocess “ is to convert the hydrocarbon oils in whatever 
state they are operated uj)on, whether they be light oil, heavy oil, 
or both mixed together, into oils of a lighter nature.” 

18G6, February 1. No. 322. 

NATION, William Buyku. luipi'ovemeuis m the purification and 
Itardening of paraffin wax .” — These are, “ the purification and harden- 
ing of paraffin wax by separating the more liquid and softer portions 
from the harder portions contained therein by repeatedly subjecting 
tjie melted paraffin to the jwoccss of agitation and cooling until it 
commences ^to solidify, and then separating the portion which 
remains fluid from that which has already solidified,” by drawing it 
off by a tjp from below. Also the use of cold water as follows : — 
15 cwt. of crude or scale paraffin is melted in a vessel of 1 ton 
capacitjP^P^ moans of steam, when melted, the steam is turned off, 
and agitatofs are caused to revolve slowly, while at the same time 
a stream of cold water is run in the agitator and the flow of cold 
water is continued “ until the mixed contents of the vessel register 
on Fahrenheit’s thermometer a mean tcmi)craturc of from 2 to G 
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degrees, more or less, below the point at which the material under 
treatment melted, previously to undergoing this operation of agita- 
tion and cooling,” but no lower. The agitation is then discontinued, 
on standing, the discoloured li(juid portion separates and is drawn 
from the bottom by a tap, and the process is repeated as above as 
often as required. “The harder and purified portions of the scale 
paraffin sc]iara,ted by cither of the above systems if not sufficiently 
white for the market, can be remelted and further bleached by any 
of the methods usually practised, and finally filtered in a hot filter, 
as is well understood.” 

1866, February 14. No. 471. 

SO AMES, James, and SO AMES, James Kolle. ^^Improvements 
in pnrififwfj para Jim” — These are, mixing “ the paraffin with an oil 
capable of saponification,” and subjecting “it when so prepared to 
heavy ])ressure, which in a great part expels the oil, and with it the 
impurities of the paraffin.” The jirocess is repeated “until the 
impurities lire sufficiently removed,” and the paraffin is then treated 
to “ remove the small quantity of oil which the press is unable to 
squeeze out.” In place of using an oil as above, “a saponifiable 
grease containing a considerable quantity of oil may be used. Thus 
lard may bo employed ; but it is not found advantageous to use a 
grease in })lace of an oil, as the stcarino it contains is inoperative, 
and has to be removed by saponification.” 

1866, February 15. No. 478. 

YOUNG, James. Improvemmh in distil I iw/ coal^ shales, amd other 
substances” — These are, employing “a revolving retort combined 
with feeding and discharging a}>pa.ratus arranged so as to produce a 
continuous process ” as follows :-—The retort is placed at an angle, 
and made to revolve on its longitudinal axis by any well-known 
mechanical contrivance for imparting a continuous rotatory motioia 
in one direction, such revolution in conjunction with the Inclined 
position of the retort causing the materials placed therein to pass 
through the retort, which being heated externally by ^ 9 , furnace 
situate beneath it will effect the distillation. “ The retort of iron or 
other suitable material has a hopper at the upper end -foi " 6 iiarging, 
and a discharge pipe or pipes at the lower end for discharging the 
materials after distillation.” The volatile products pass off by an 
exit pipe or pipes^ at “ the upper end of the retort or distillatory 
apparatus.” 



PATENTS. 


283 


1866, March 1. No. 625. 

YOUNG, James. hnprovemnh in dutilling coal, shales, and other 
substances, a.nd in apparaiiis emploi/ed therein” — These are, employing 
“ a retort placed either horizontally or at an angle, so constructed 
that it may he made to revolve, and containing a screw or spiral, 
the revolution causing the materials placed at the end of the retort,” 
by means of a hopj)cr, to be guided or conveyed through it by 
means of a screw or spiral, “whilst the retort being heated effects 
the distillation of the materials. The retort or distillatory apparatus 
may ])C constructed of iron or other suitable material supplied with 
suitable exit pipes, through which the volatile })roducts of distillation 
pass* off", in order that such volatile products may be collected and 
utilized.” 


1866, March 13. No. 756. 

BKINJRS, John Fiiederick. Inijnvvements in rnacMnery or 
apparatus for distillmj hitumiums shale and oilier hituininoas substances 
of a like nature” — These arc, the general construction and arrange- 
ment of one and more horizontal retorts for the above j)urpose as 
follows; — For distilling “shale, boghead coal, and other light 
bituminous substances which arc not liable to cake, whilst under 
the action of heat,” cmjffoying one or more horizontal retorts of cast 
iron or fire clay, revolving continuously in one direction or receiving 
“a T'cci])rocating or alternating motion round their longitudinal 
axes by means of a ‘ mangle wheel ’ and })inion or other wcll-kTiown 
mechanical contrivance for converting a continuous rotatory motion 
into a circular reci})rocating movement.” These retorts revolving 
continuously in one direction have in the interior spiral ribs. 
“ 'JV’hcn the retorts receive a circular reciprocating motion on their 
axes they are provided in the interior with double inclined pro- 
jections and a series of annular flanges” which divide the retort 
into a Siundjer of annulai* chambers, each communicating with its 
neighbour by an opening left for that purpose in each ring or flange. 
The retorts are sot over a funiacc so as to have the flame all round. 
In some cases the bituminous matters are fed continuously at one 
end by^ifeopper, and the residuum is discharged “into a receiver 
or it may be discharged into a second or third retort similar to the 
first, and be finally* discharged from the last retort of the series,” 
one or more of the retorts arc provided with a pipe at one or both 
^nds connected with condensing apparatus. 
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1866, April 6. No. 992. 

YOUNG, Jamp:s. Improvaments in didillmj” — These arc, “using 
a revolving retort or still containing a .spiral made of iron or other 
suitable material, which I j)lace either in a horizontal or inclined 
position and cause to revolve. The substance to be distilled may be 
a solid or a li(juid, the whole or part of which is volatile being 
introduced into the retort or still at the one end and being guided 
by the spiral is conveyed towards the other end, where the portion 
not volatilized is discharged, the volatile portion being driven off 
while passing through the heated retort.” The feed pipe leading 
from a cistern containing the liquid to be di.stilled ])asses through a 
stuffing box at the point beyond a stoj)-cock where it passes into the 
retort, the dischfwge end of the retort is similarly entered into a 
stuffing box in the discharge piece for receiving or passing away 
parts of the substances which have not been distilled through a 
pipe out of this end of the retort, lief ere. ice is made to No. 625, 
A.l>. 1866. 


1866, May 4. No. 1278. 

YOUNG, William, and BRASH, Petlk. Liiprovcments in the 
disillUitiou of coaly shale, and other hitunimoos snhsfances to obtain oily 
matters therefrom, and in the redlstiUatvm of products thefehj obtained” 
— These are, first, the uncondensed or jiermanent vaiiours or gases 
when distilling coal, shale, (fee., are returned back into the retorts 
containing the coal, shale, (fee., which is being distilled ; these gases, 
it is said, “ disa[)pear in part, whilst at the same time the yield of 
easily condensable oil is increased.” The vapours or gases should 
be heated before they are returned into the retorts to avoid any 
chilling action. These vapours, it is said, are also advantageous in 
carrying forward with them “the vapours rising from the watcr-pil 
which is being distilled. It is preferred to pass the va])ours which 
arc difficult of condensation back under false bottoms in the retorts.” 
A jet of steam or a forcing or exhausting apjiaratus may be used 
to pass the vapours through the retorts. In redistilling what are 
known as “ still bottoms ” re.sidues from distilling bituminous oils, 
there are obtained vapours or gases not easily condensed. These 
vapours are passed back into the still, or the vapours 'ce^Aig from 
the still may, in a separate vessel, be mixed with the vapours which 
are difficult of condensation, and heated with them ; “oil easy of 
condensation results from the action of the two different vapours, 
the one on the othei-.” 
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1866, June 12. No. 1600. 

NICHOLAS, James. (Provisional protection only.) ^^Improvements 
in reMs^ and in the. iimdc of working thi same to obtain crude paraffine 
mid other oils from cannel a/al^ bituminous 'matter^ wood., peat, hones, or 
other material” — Those are, constructing a retort so “ that a largo 
superficial area of almost any size can be submitted to the direct 
action of heat, and is of the following construction : — The bottom of 
the retort is a ])lanc surface, by preference an iron plate ; the sides, 
back, front, and toj) consist also of simila,r })lates connected together 
by means of flanges, tlius forming a sort of box or retort. At the 
back, by preference on the upper jxu'tion of the retort are holes 
or pj})cs by which the products of distillation pass to ordinary 
condensers.” On the toj> of the retort is a lid arranged on the 
princijJc of an hydraulic joint, for the purpose of charging the 
retort. In the retorts are rakes. The joints between the flanges 
are formed “ with molten lead in lieu of water,” and covered with 
“ sand or other material to ])rcvcnt I'apid oxidation.” Prior to the 
retort being drawn oi* discharged a small rpiantity of water is 
dispersed into the retort by a i)erforated pipe which rising into 
steam sweeps “what volatile matter remains in the charge out into 
the condensers.” 

• 1866, June 26. No. 1697. 

YOUNG, James, the younger. (Provisional ])rotection only.) 

Improremetifs in appamhis far the. trealnumt of hydrocarbon oik .” — 
These are, treating “crude or more or less refined ” ])araffin petro- 
leum oils in order to reduce “the specific gravity of such oils,” and 
improve “ their jiropcrtics for illuminating purposes.” A boiler or 
distilling vos.sel capable of resisting “a ])ressure of at least 100 lbs, 
to the sipiare inch ” is charged with the oil ; heat is applied, the 
vapour produced “is allowed to pass to the condenser at any 
regulated pressure through a pipe provided with a valve loaded to 
tshe pressure required, or a separate tube with regulating stop-cock 
may bo* projdded for allowing the vapour to pass to the condensing 
apparatus.” The boiler or vessel has a pressure gauge, and it is 
constructi^l so as to be readily cleaned out. 

1866, July 23. No. 1905. 

LEACH, James, (provisional protection only.) Improvements in 
refining paraffine, wax.” — These are, boiling “ the crude paraffine for 
^^out two hours, more or loss, with a solution of caustic alkali,” 
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“ the precipitated oil is then removed by washing ; the paraffine is 
then submitted to the action of animal charcoal ” filtered, pressed, 
then rcmelted, washed, and “ again subjected to the purifying power 
of charcoal, after which it is again filtered and treated with about 
five per c(int. of naphtha and pressed; by preference, the pressing 
should take place while warm. To remove more completely any 
imparity that may still exist it is once more remelted, washed, 
treated with charcoal and filtered, all that remains to })e done is to 
run the paraffin into cakes suitable for the market.” 

1866, September 4. No. 2271. 

HOLMES, WiLLfAM CAUTWRKiriT, and PERKINS, Jno. Wm.. 
(Provisional protection not allowed.) Lnproroik'iUs in, apparatus 
for the (lisilflation, of paraffiikuinid petruleuni or other hj/drorarhon oils ” — 
These arc, taking “the usual fiated hemispherical still,” fixing in the 
interior about midway a charging pipe with a self-acting cock, and 
carrying the luick of the still through an intermediate condenser, 
to which the charging pipe is also attached. “The condenser is 
provided also with a self-acting cock to receive and maintain the 
charge, so as to supply the still and maintain one uniform level 
while at work with, boiling oil.” At the bottom is a pipe for 
removing any water in the oil. “In the interior of the still, is a 
pyrometer, self acting, so that when the boiling point has risen to 
any point previously determined on, any further supply may be and 
is cut off. The condenser being charged with oil charges the still 
and maintains the charge at the same level, thus obviating any 
burning or discolouring of the oil, and requiring little or no 
attention.” 


1866, September 17. No. 2380. 

BKASH, Peter, and YOUNG, William. ^^Improvements in th^ 
manufacture of oil from shak and othe,r bituminous substances.”— 
are, the distillation of shale or other bituminous matter in com- 
bination with the tar,” as afterwards described, “in order to obtain 
oil in greater quantity than the shale or other bitumiuAis matter 
would produce separately.” The acid tar precipitatQid adding 
sulphuric acid to crude bituminous oils, having “kttle or no 
commercial value is prepared by neutralizing the acid with lime or 
other base, or the acid is washed out by blowing steam into it ; 
“the separation may be rendered more complete by the addition Si 
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salt.” The puiified tar is absorbed by ashes or other absorbent 
material, and charged “into the retort in a solid form, together with 
the shale or bituminous matter.” Or the purified tar is mixed with 
lime or other alkiiline matter, and distilled along with the shale or 
bituminous matter. Or the sha-le or bituminous matter is mixed 
with lime or other bituminous matter, and distilled “ along with the 
tar which is allowed to flow over and through the shale and lime 
during the distillation.” The distillation is conducted, by prefer- 
ence, in the manner described in No. 1278, A.T>. 1866. 


1866, October 29. No. 2788. 

McTlEATlI, Oharles. Improvement in the treahuent or distillation 
of shok^ coal, and other hiUimhnons suhsf(tiie,('s, and in ike ineans oi' 
apparatus einploi/ed therefor.’' — These are, “ the construction and use 
of an open-mouthed oven or retort erected over a hearth or grate for 
the treatment or distillation” of the above substances “into gases by 
the heat of their own combustion at the open mouth of the retort ” 
(whether those gases are condensed into oils in the condensers after 
described, or in others heretofore in use or whether used as gases) ; 
also, “ the application and use of a jet or stream of steam at or near 
the neck of the conduit carrying the distilled gases from these 
improved retorts to their condensers, or applied to other retorts 
ani condensers heretofore or at j)resent used ” for the treatment or 
distillation of the above subsUnccs, “whether used in connection 
with the returned currents of uncondensed gases from the con- 
densers or not, and whether these currents of gases to and from the 
condensers are assisted or partially produced or not by a fan or 
other e(|ui valent blast in addition to the said steam jet.” The 
condenser is a long cylinder connected to the neck leading from 
th^ distilling oven, from which it declines at a considerable angle 
towards the ground, and rests on suitable pillars of brickwork, 
lliis coijdenser is fitted with six pairs of transverse diagonal surface 
condensing ^ipos or tubes open to the atmosphere, and through 
which currents of cold air ascend and escape at the top, or these 
currents mtiy be conducted by one conduit connecting all the pipes 
at their jjT^er ends to a chimney, or this heated air or a portion of 
it may be bd into the ash pit. There is an arrangement by which 
the uncondensed olefyint gases arc returned through the condensers. 
The retorts or ovens are fed with the above substances by means of 
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1866, November 3. No. 2847. 

HAKKIS, JoKiAiT. Imjmwemcuta in appdvatm for the prodmtion 
didilloHonj and refining of hydrocarbon and other oik from shale, cannel 
coal, peaf lignite, or other Uinniinomi inmerak.^’ — These are, placing 
“an ordiiiiiry exhausting fan or pump to be driven or worked by 
steam or other motive power at the required v(j1ocity at the delivery 
pipe leading from the retorts” or “jit the ordinary outlet of the 
condensing worm leading from the still,” and thus drawing off “ the 
vapours, fumes, smoke, or gases generated in the retorts during 
distillation ” of the above substances, and drawing off in a like 
manner from the above substances “such vapours, fumes, smoke, or 
gases as are generated in ovens or kilns for conversion into hydro- 
carbon oil.”* 

1867, February 1. No. 284. 

BUHRER, Jacob, of Munich, and PRICE, Astlev Paston, of 
London. (Provisional protection only.) Improrements in the dis- 
tillation of coal, shale, JV.” — “ The materials are to be reduced to a 
fine state of division, and then caused to pass or fall through the 
interior of a heated vertical chamber, tube, or a retort, or series of 
the same, in such a manner as that the feeveral particles in their 
descent or ])assage shall be subjected to the action of heat, applied 
externally, to the retort Ac. The character of the distillatory 
products being dejrcndent on the temperature emjrloyed for their 
prodmtion, it follows the apparatus must be heated more stroflgly 
when it is desired to obtain illuminating gas than when the object is 
the production of oil and other condensable products.” 

1867, March 7. No. 650. 

YOUNG, William, of Btraiton; and BRASH, Peter, of Leith. 
^^Improvements in the distillation of shale d'c” — “The shale Ac. 'are 
heated by the gases given off by itself. The shale is enclosed in a 
vessel provided with an outside casing which is to convey the ga§ ; 
heat is applied to the outside casing and is diffused througti that to 
the inner chamber containing the shale Ac. the gas or vapour is 
then by a suitable pipe at the bottom introduced brtween the 
outer casing and the inner chamber, and after ascendin^itjs forced 
or drawn into a downward current through the bituminous matter 

♦ All the above extracts of Patents were takt'ix from Abridgments of 
SpeiCifications relating to Oils, Fats, Lubricants, Oundlos and Soap,’ published 
byO. E. P]yrc and William Spotli8W(M)de, 187H. 
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carrying with it the oily vapours, thus effecting a downward 
distillation which produces an oil of high (quality. Instead of the 
outer casing or chamber, which conveys the vapour or gas, a pipe or 
arrangement of pij)es for the same purpose may be used. By means 
of the downward distillation a larger quantity of solid paraffin is 
obtained from the oil than by any other mode known.” 

18G7, March 12. No. 707. 

BUIN.IES, John Fuedkrick, Whitechapel, London. Improve- 
ment in (ippiwiinr. far (Itiilling fHudCy — “ The im[)rovemerits are 
in the means of traversing the material or substance under treatment 
through the retort in which it is contained. One or a series of 
horizontal cylindrical retorts are made to revolve continuously in one 
direction to receive a circular rcci])rocating motion on the axial 
centre line of the rctoi-t. Each retort is provided internally with a 
series of longitudinal ledges or ribs, which servo as lifters, and allow 
the niatcT'ial to fall in a shower on to the bottom of the retort, and 
according to the angle of these ribs so will the passage be retarded 
or hastened, (of the shale).” 


1867, June 21. No. 1808. 

PEKKINS, John William, of London. (Provisional protection 
only.) Iinpron'menfs in dills for pe.trolenin^ paraffDw oil^ — “ The 
still consists of a series of chambers in communication with each 
other, each of which chamlKjrs contains a coil of pipes through which 
the heating medium is caused to flow. At the extremity of the 
heating medium I maintain the current through the still by means 
of an ordinary force pump enclosed in a tank of oil for supplying 
the charger with hot oil, and the discharge pipe of the still is 
eijpased in an ordinary ‘ Liebig’s ’ condenser.” 


1867, June 27. No. 2175. 

KlPPffiGILLE, Edwd. Alexander, Holborn, London. ^^Improve- 
ments in the mode of distilling or separating the more volatile portions 
of petrolemniy ihl — “The improvements consist, firstly, in the 
employ^ient of a jet or jets of steam to draw or force in a current 
or current'^ of air through the petroleum or other mineral the 
volatile matter of w^iich is to be separated ; such jets acting in a 
somewhat similar manner to the blast of a locomotive engine. The 
be treated is placed in a vessel in which a finely perforated 
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pipe or pipes in a coil, is arranged at the lower part ; with this pipe 
is connected a pipe passing from the aforesaid vessel to another 
vessel, into which a jet or jets of steam are blown, such jets of 
steam acting to draw or force in air to such vessel from which a 
combined current of air and steam passes from the upper part 
thereof to the perforated pi})e in the interior of the oil treating 
vessel. The combined current of air and steam, issuing through the 
perforated pipe })asses in numerous small jets up through the oil 
and out through a ‘ gooseneck,’ connected with the upper part of the 
oil vessel, and in doing so carries with it the more volatile portions 
of such oil, which are then conveyed into another vessel and 
condensed in any suitable way.” 

1868, June 6. No. 1868. 

YOUNG, James, of Kelly, lienfrewshire. (Provisional protection 
only.) * Improvements in treating hydroairhmsI-^^'‘Y\i\s> invention 
consists essentially in heating and distilling hydrocai'bons, such as 
parjiffm, paraffin oil, and petroleum in contact with or from alkalies 
or alkaline earths.” 

1868, July 27. No. 2356. 

LAMBE, Fredk., and STEURY, Arthur Gitas., of Kotherhithe, 
London, and FOllDREI), John, of Blackheath, Kent. ^^Improve- 
imnts in the treatimnt of solid ami liquid hydrocarhons ^ — “ This inven- 
tion consists in treating these substances with fuller’s earth under 
certain conditions. For wax or semisolid hydrocarbons the material 
is first melted, and the earth thoroughly stirred into it. After the 
earth has been sufficiently agitated with the material, the whole is 
left for the earth to subside, or it may be filtered. When treating 
liquid oils we first place them in a still with a proper quantity of 
fuller’s earth, and distil them in contact with it generally, but nDt 
necessarily to dryness, with or without the assistance of steam as 
may be found necessary. Liquid hydrocarbons are subjected to a 
preliminary treatment with sulphuric acid, 01 alkali and^acid*" before 
distillation. The products of this distillation may be treated with 
the earth, or simply washed, or treated only with acid ; ^he liquid 
being finished with ammonia or its carbonate. Sometimes it is 
preferable to use as a final treatment a small percentagh^of 'silicate 
ot soda or potash to prevent the oil going back in colour. The thin 
tars produced may be used for washing the crude oils previous to 
distillation.” 
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1869, February 6. No. 376. 

MELDEUM, Edward, Dechmont, Linlithgow. ^^Improvements in 
the manufacture of paraffine oil” — “ An apparatus such as an iron tube 
or a common retort is built up over or alongside of a fire so that 
the temperature can be so regulated as to attain a range of tem- 
perature not exceeding a visible red heat, and to obtain a largo 
surface to bo heated, such apparatus may be filled with broken 
stones or spent shale. The heavy oils or the melted paraffine are to 
be run in slowly at one end of a retort or decomposing tube, and 
the products thus resulting arc condensed by passing off through a 
condenser connected with the other pnd of the retort. A mixture 
of* paraffine and oils when distilled at about 700° F. will split up 
into easily refined oils for lam})s, and heavier oils suitable for 
lubricating, &c.” 


1869, February 26. No. 600. 

TOWNSEND, JosKPH, of Glasgow, Jaxnark. loiprovements in 
extracting ami refining oils from minerals, th” — “ Superheated steam is 
passed into the upper end of the retort, and is maintained at at least 
J 11). per sq. inch over the atmospheric pressure. The retort is 
preferably circular, 12 feet by 12 feet of iron (fire-clay lined) plates. 
It is to have a perforated bottom through which the steam and what 
^t extracts pass to an inclined bottom leading to an exit tube at the 
side, this pipe or tube first descends a little, then ascends to any 
convenient height, whilst at the top or any convenient height, a 
loaded valve is a])pliod to it, to prevent the passage of liquids or 
gases except at a predetermined pressure, to which the valve is 
loaded, and maintained in the retort as well. The condensed 
products arc to bo passed through heating baths in coils, and the 
ift-oducts in each coil collected separately. Heated air or any heated 
gas may be used in place of steam. The steam, air, or gas may be 
admitted at the top, and the exit pipe placed at a different part, 
but the ari angement described is preferable. If the oils are to be 
extracted from tar or other more or less liquid substances, the retort 
is constrifcted with horizontal platforms with ledges and extending 
altcrn^tel’^frora opposite sides to within short distances of the other 
sivles. Tiie tar or other matter is placed on the top platform, 
and overflows in sijccession down upon each lower one, whilst the 
heated steam, air, or gas passes off with what it extract? to the exit 
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1869, May 13. No. 1469. 

TOWNSEND, Joseph, and FOKBES, Peter, both of Glasgow. 

Imp'ovemenfs in the refining or ireuting of oils.” — “A jacketed 
retort is used and steam (saturated) at 50 lbs. per s(\. in. may be 
at first employed, and the pressure to be gradually increased to 
150-180 lbs., the increase being adjusted so as to ensure a regular 
flow of the distillate. In this way the light oils are distilled over 
comparatively pure, whilst the residue after treatment with acid 
and alkalies, and crystallizing, may be separated into lubricating 
oils and wax by ordinai-y pressing.” 


1869, June 15. No. 1832. 

SMITH, William, of Bathgate, TJnlithgow. (Provisional protec- 
tion only.) Impromnenls in treating or purifj/iiig ininend oils ,” — 
“The invention consists principally in employing sulphuric acid 
diluted with from one half to twice its weight of water, the acid 
and water being mixed with the oil whilst in the heated state 
caused l)y their combination, the oil also being })referably heated to 
100° F. prior to adding the acid and water. The treatment may be 
performed twice, or often er if necessary. The tar produced is 
thinner and better fitted for making grease, &c.” 


1869, September 1. No. 2588. 

SCOTT, Bobert, Manager of Addiewcll Works ; MaoIVOR, 
William, also of Addiewcll. (Provisional protection only.) ^^Im- 
provements in the treatment of hydrocarbon oils.” — “ This invention has 
for its object the reducing of the specific gravities and otherwise 
improving hydrocarbon oils. The oil is put into any ordinary still 
and distilled, and the vapour given off is passed through, one or 
more heating vessels or chambers sufficiently heated to produce the 
change. The change may also be brought about by bringing the 
vapours into contact with superheated steam. Heavy f,etroleum 
and paraffine oils may by this means be converted jn^p b’R’Rhig 
oils. After being superheated the vapour is conducted to a con- 
denser of the usual or other form. This tre?tment may also be 
applied to the vapours of crude oil from coal or shale undergoing 
dii^illation.” 
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1869, October 11. No. 2950. 

KIRK, Alexander Carnegie, of Glasgow, Lanark. (Provisional 
protection only.) “ htipmveMenU in treating mineral oils.” — “ This 
invention is for the reduction of the specific gravity of the heavier 
portions of i)araffin, and other mineral oils, and consists in distilling 
them in a still of any known convenient construction, and in 
causing the vapour, as it leaves the still to issue at a high velocity 
through a contracted orifice or orifices by forming a partial vacuum 
in the condenser or in the })ipe leading from the still. This may 
be eftected cither by pumps, or by what is known as an ejector 
condenser.” 

, 1870, January 6. No. 50. 

SHAND, G]C()K(je, of Stirling, N.B. (Provisional protection only.) 
“ ImprorenienU in obtaining p'odnrh from tars and residues.” — “ The 
process consists in distilling under pressure. The heat may be 
applied by means of superheated steam, or satUT’ated steam of high 
pressure, or direct fire heat, in any of the known a])paratus in use, 
fof distilling under pressure. Five to 10 pounds per sq. in. above the 
atmosi)hcric pressure is to be ])refcrred. ‘ Coal-tar oil ’ may by 
this mode l)e made to yield naphtha, light oils, and lubricating oils, 
not hitherto obtained from it ; whilst if tar or pjirtially treated tar 
is used, larger (piantities of naphtha and light oils may be obtained 
► than heretofore.” 

1870, duly 1. No. 1871. 

MeINTOSn, dAMES Anderson, of Leith, Midlothian. (Provi- 
sional protection only.) Impromnents in distilling oils.” — “Milk 
of lime is thoroughly incorporated with the oil, and then passed 
into the still, after which soda crystals are added to the mass 
which is fie:ain agitated till the crystals dissolve. The still is then 
put in order and fired, and the slower and more gentle the distilla- 
tion is eflected the better will be the oil in smell, purity and 
brig)ilj;icss of colour. The proportions for 1st distilled paraffin 
blue oil are : 30 cwts. of blue oil, 60 gallons of milk of lime, and 
about 2 cwts. of soda crystals. This treatment may be applied to 
any oilsVhether they have been distilled once or twice before.” 

1871, February 4. No. 305. 

CHURCH, James,* of Glasgow. Imp'ovements in distilling and in 
^aratus therefor .” — The retorts can be made circular or of a 
polygonal horizontal section, and each of a series is formed with an 
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enlargement at the part where the heated gas is to act on the 
substance in the retort, the enlargement being fitted with a hori- 
zontal diaphragm having a central opening through which the 
substances descend. The heated gas is admitted into an annular 
space at one side of the diaphragm, and acting on the substances, 
and passing through the diaphragm passes off from the other side 
of it, carr 3 dng the volatile products with it. Either modification of 
the retort may be constructed of brickwork or iron, or partly of 
both materials. When dealing with a liquid (crude shale oil, &c.) 
the retort is filled with coke or other indifferent body, and the 
liquid is poured in slowly at the top so that as it drips down over 
the coke it is presented in thin films to the current of heated gas. 
When dealing with a solid substance, such as shale, the latter is 
preferably reduced to small pieces, and fed in at the top, and the 
retorts may if necessary be fitted with covers, the shale being 
charged at intervals, but the process is practically continuous. A 
pressure slightly above the atmospheric is preferred, in order to 
prevent the air entering, and to control the currents of gas in the 
various channels by means of jets of steam or otherwise, so as to 
have the pressure a little higher at the sides of the retorts at which 
the gas enters than in the passages leading from the retorts to the 
condensers.” 

1871, November 6. No. 2989. 

CRANE, Patrick Moir, and McCRATH, Dennis, both of Man- 
chester. “ Improvements in liquid cMoler.% and colkding ihs congealed 
prod.uct .” — “ A stationary horizontal cylinder is fitted with a jacket 
containing a stream of cold brine, or cold air. The cylinder contains 
an archimedcan screw, which accurately fills it so far as to bear 
upon the whole interior circumference, and the screw is to be 
rotated. The licpiid flows into the cylinder and congeals in a thki 
film, and is scraped off by the screw, and finally squeezed out at the 
end into the usual bag or receptacle provided.” 

1871, November 13. No. 3055. 

CRANE, Patrick Moir, and MOIR, George, of Manchester, 
^^Improvements in the manufacture of lubricating materfdu)i”-^’^ The 
oil is distilled by a slow or cool distillation, and after the lighter or 
thinner portions have come over, we reserve tne heavier portions 
which come over by a higher temperature for use as lubricat'h^ 
materials, and which if mixed with paraffine wax are to be separateo^ 
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from it by a well-known means. These heavier oils are to be 
purified with acids and alkalies in the usual way, they are then 
washed with water and thereby rendered fit for use.” 

1871, November 18. No. 3130. 

EMMENS, Stephen Henry, of Gresham Street, London. “ Iwr. 
proveuients in purifying dviiillates from hitumirwus substances” — “A 
current of the distillate in the form of spray is distributed in 
atmospheric air, in pure oxygen, ozonized oxygen, or other 
oxidizing gas, for the purpose of producing a direct oxidation of 
the substances which it may be desirable to remove. The puri- 
fyjng process may be carried on by blowing or injecting a jet of 
spray into a closed vessel or chamber from which the product or 
products can be removed by filtration, decantation, or otherwise, 
aided or not by the addition of acid, or alkalies, according as the 
oxidized matters to be removed arc basic or acid.” 

1871, August 11. No. 2123. 

YOUNG, James, of Limeficld, Midlothian. ^^Improvements in the 
treatment of hydrocarbon oils” — “ Shale or other hydrocarbon oils pro- 
duced by di.stillation, cither in the crude state or partially purified, 
are jdaced in a suitable vessel, and muriatic acid gas passed into 
* them to saturation ]){)int, (the oil being warm at starting). After 
settling the oil is drawn off from the acid liquor. The oil in this 
state is washed with water, after which it will be found that nearly 
all the imi)urities arc removed, and if required the oils may be 
distilled or otherwise treated. The acid can be passed into the oils 
by a })ij>e or in any other convenient manner. I claim this to be 
quite distinct from Mr. Warren de la Kuo’s Patent 2002 of 1855 
<or treating ‘ Burmese naphtha ’ with commercial acid.” 

^ 1872, ilanuary 8, No. 64. 

COFFEY, John Ambrose, Bucklcrsbury, London. Impyrovements 
in the manufacture of oil by distillation” — “ I place the oil, &c. into 
a retor^or still, which I enclose in an outside jacket in some cases, 
andCi o^kiirs I use it or dispense with it and introduce a heated 
mass into tubes, or ducts, or any other well-known form which will 
encase the heatir|g material and which will prevent it, unless 
jjw’ough coikvbction, to impart its caloric to the material operated 
""upon. The heated mobile substance I obtain from a dense paraffin 
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oil or any other such substance as will impart its heat and maintain 
its mobility. 1 take a vessel, which I term my supply, return, and 
expansion cistern, in which I place the heavy paraffin oil, and cir- 
culate it by an outlet and inlet (both open, thereby avoiding all 
pressure from heat,) through pipes or ducts to a zig-zag, worm, or 
other shaped pipes or ducts, boiler shape or other form, which I 
place in a furnace, stove, fusible or sand bath, which I convey to a 
l)yrometer indicating 1500'" Fahr., so that I can accurately know 
the temperature of the fluid, and thereby also regulate the tempera- 
ture of the mobile substance to the retort or still to the material to 
be operated upon. The circulation may bo maintained ])y a puraj) 
or the well-known principle of the hot water a})paratus by which 
means I onsui’e the steady and controllable heat to the substances 
under operation.” 

1872, February 8. No. 413. 

YOUNG, James, of Kelly, Kenfrewshire. — Imjrromnrnh in (he 
treatment of natural 'petroleumAl — “ The imjmwements consist in treat- 
ing what arc called ‘ natural petroleums ’ with muriatic acid. Either 
liquid muriatic acid is used, and the oils may be heated above the 
atmospheric temperature or not. When lifpud muriatic acid is used 
the petroleums may also be heated. The ‘ petroleums ’ arc agitated 
with the said acid in stoneware or other suitable vessels to remove 
the impurities. The agitation can be cflected by mea,ns of ordinary, 
reciprocators or dashers in use. The oils can be distilled afterwards 
if thought necessary.” See also No. 2123 of 1871. 

1872, February 14. No. 459. 

YOUNG, James, of Kelly, Kenfrewshire, (Provisional protection 
only.) Improvemmts in treating hydrocAirhouHl — “I treat hydro- 
carbons which are solid or semisolid at ordinary tem])eratures such 
as ozokerite, pitch, or natural bitumens, with muriatic acid in the 
gaseous state. These substances are to be b\|ucfied by heat and iiP 
that state are to be agitated with the said acid in a gaseous state, to 
remove the impurities. The agitation is to be effected by ordinary 
» or reciprocating agitators or dashers, and the vessels are of s^one or 
other material capable of resisting the action of the acid.” 

1872, February 28. No. 617, 

YOUNG, James, of Kelly, Kenfrewshire. Improvekmfs in treat:,ng 
hydrocarbons ” — “ The paraffin oils obtained by distillation are heate(^\» 
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and licpiid muriatic acid brought into contact with them, during 
agitation, in stone or other acid resisting material. Muriatic acid 
both liquid and gaseous may be used.” 

1872, Febmary 28. No. 618. 

YOUNG, James, of Kelly, Renfrewshire. ImjJimmcMts in oUainr 
mj hjdromrhons from sJuile J'r.” — “Atmospheric gases and products of 
the material from which the heat has been derived are mixed with 
the hydrocjirbons sought to be obtained, and the kilns, furnaces, &c. 
are combined with a tower or chamber containing coke or other 
matcrijil between the spaces of which the vapours, gases and oils 
pass. Between the before named kilns, Ac. and the tower, a con- 
denser is situated in which the more readily condensalJe ])ortions 
condense, the less so pass through the tower, wherein they become 
mixed with hydrocarbon oil which is caused to flow through the 
tower to absoi'b the less condensable portions.” 

1872, March 30. No. 938. 

MUNRO, Andiiew, of Kensington, London. (Provisional ])rotcc- 
tion only.) J mprovnmmts in the e.rtrarfion of oil and from hitwmimus 
auhdavre.^d — “ Heated gases are to be ])assed over the l>ody of the 
coal, shale Ac., contained in a ])ropcr vessel. The gases jweferable 
for this i)urpose are the heated j)roducts of combustion, wdiich may 
lie prc])arcd by driving, drawing, or conducting air over a fire of 
any suitable combustible matter. The fire is to be so arranged that 
all the oxygen supplied is combined with carbon. A bed or layer 
of red hot coke, besides the fire may sometimes bo necessary, and 
the position and arrangement of this fire must be such as to effect 
the control and regulation of the temperature of the heated products 
passing away from such fire, when making oil, that the temperature of 
ttic shale, Ac. being operated upon, shall not be higher than that 
^which is favourable for the largest production of oil and the 
prodr»"ts thereof. I prefer to drive a blast of air from an air pump 
over a coke fire, arranged on the lines above sbited. The heated 
products of combustion are led into the chamber containing the 
shale. Aft ; and I prefer to introduce these heated products at the 
to}) uppfy; part of the chamber. The distillation will thus pro- 
ceed downwards. The bottom of the said chamber I ])rcfer to keep 
Open ended, sealin,|*it in a bath of water. The products of the 
dij^illation aloAg wfth the heated products of combustion pass off by 
Suitable outlets to the condenser.” 
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1872, April 11 . No. 1073. 

BELL, John, junior, and BELL, Thomas, both of Wishaw, Lanark. 
(Provisional protection only.) ImjrrmemmU in apparatus for dis- 
charging Imizontal retorts .” — “To carry out this invention a Small 
locomotive steam engine is arranged to run on rails in front of a 
bench of retorts or between two benches facing each other. The 
driving wheels are actuated through gearing which can be dis- 
engaged, and a pinion can bo engaged so as to act on a transverse 
horizontal rack bar carried by the engine. A rake bar is provided 
that can be fixed upon either end of the rack bar, to suit the retorts 
on either side, and this rake bar is supplied with i)lates to close or 
partly close, when it is pushed in the retorts, and to open and gpisp 
the materials in the retort when it is drawn out, depositing the 
materials in trucks between the rails and retorts.” 

1872, May 16. No. 1494., 

POUTER, Robert, of Chiswick, and PORTER, Frederick, of 
Mincing Lane, London. ^^Improvements in distilling and in apparatus 
ther(^or .” — “The improvements consist in passing the charge of 
material to be distilled in a thin stream through a vertical retort, 
so that the whole of the said charge is kept in contact with the sides 
of the retort, and the entire heated surface thereof is utilized, while 
the central portion of the retort is left free for the passage of tho 
vapours or gases evolved. The retort is fixed vertically upon a 
receptacle for the exhausted material, and to the upper end is fixed 
a hopper or reservoir to contain the distillable matter. In the 
hopper and through the retort we jfiace a central shaft, the upper 
end projecting through the top of the hopper. On this shaft we fix 
a screw or worm for feeding the charge from the hop])er into the 
retort. The threads or blades are to bo inclined at an angle of 4>5 
degrees downwards.” 


1872, June 12 . No. 1768. 

ANDERSON, George, and BUCHANAN, James, both of Dalmeny 
Oil Works, Linlithgow. (P^oidy as the patentees neglected to file 
complete specification.) Inqmwemnts in apparatus ff'^-drair'ng the 
charge from retorts ." — “The ajiparatus consists of a continuous or 
jointed metal rod or bar, or of a chain, fitted rith a plate or series 
of plates. It is placed in the retort before or Airing charging, 
is flowed to remain there during the distillation of the coal, cannel, 
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shale, &c. The rod or bar is preferably withdrawn by a steam 
windlass running on rails. A series of plates separated from one 
another is to be preferred, the one at the back end (the one furthest 
in the retort) to be the largest.” 

1872, June 12. No. 1771. 

SHANKS, IIuoii, of South Queensferry, Linlithgow. (Provisional 
protection only.) Im,p)'oveinents in drawing retorts and means 
therefor .” — “The improvement consists in a rod or shaft, (to be 
worked by manual power or machinery) on which are fixed at 
distances from each other a number of ‘ clats ’ or rakes. Each rake 
is to be gradually larger, the smallest is to be nearest the mouth 
of the retort, the largest being at the l)ack. The rakes may be 
perforated to allow the vapours and gas from the distillable 
material, to j)ass through it. After the distillation is finished the 
door of the retort is removed, and the shaft and rakes drawn out 
with the residue.” 

1872, July 24. No. 2204. 

COX, John, East Stockwith, Lincolnshire, and COX, Samuel, of 
Camberwell, London. (Provisional protection only.) ^^Improvements 
in the extnuiion of paraffin &c. hy distilling a volatile solvent through it.” 

The materials with a suitable solvent are placed in a plain or 
perforated cylinder with a perforated bottom contained in a double 
cased cylinder with a double^ bottom closed by a cap having deep 
dipping rims dropping into the space between the inner and outer 
cylinder containing water to form an air tight joint. This cap is 
perforated in the centre, and around such perforation are placed two 
collars the one of larger diameter than the other to form a space 
for water and to admit a pipe fitted also at the end with a collar, 
fhe vaporous solvent coming in contact with these joints cannot pass 
jihrough them, because it is immediately condensed or driven off 
accord as to whether the water is hot or cold. The volatile 
solvent is distilled from another cylinder of exactly the same con- 
struction by means of steam passed into the water within the space 
between ^he double cylinder through the just described pipe which 
is coa^ioctn'J^ith the head of a condensing worm fitted also with a 
water joint. The vapour is here condensed and passes through a 
pipe connected at th> bottom of the worm by a sliding and revolving 
WsAer joint intb airother double cased cylinder as above described. 
In this cylinder the condensed volatile solvent saturates the paraffin 
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containing substances, and with the oil or fat in solution falls to the 
bottom of the cylinder, and is recovered by distillation into a third 
or the first cylinder containing more materials to be acted on. By 
using three or more cylinders, as the solvent during distillation is 
being prepared for another cylinder, thereby rendering the opera- 
tion continuous, and the solvent can be used over and over again 
without loss.” 


1872, August 21. No. 2487. 

YOUNG, William, Magdalen Chemical Works, SCOTT, Andrew, 
Musselburgh Gas Works, and STEYENS, "William W. (for late 
Peter Brash, of Leith), all of Midlothian. Imp'ovements in the 
dedructm didillaiion of coal, shale ^ ihl' — “The vapours generated are 
caused to pass in a downward direction through the hot coke from 
a previous charge. The retort is to bo first heated (by coal, &c. 
thrown into the combustion chamber) to a very dull red heat. ITie 
substance to be distilled is then introduced by the ho[)pcr and valve 
at the to[), and as soon as oil begins to come over, the exhaust 
(preferably a jet of steam) is set to work. The outlet for oil 
vai)purs is to be situated at the side of the retort ; the whole to 
be enclosed in suitable Hues, and the spent products of combustion 
carried oft' to the chimney. Any ordinary condenser may be used. 
As soon as one charge becomes exhausted, it is drawn oft’ into the 
combustion chamber, and it supplies heat, for the next charge di 
material, which should be immediately introduced at the top.” 

1873, February 15. No. 5G9. 

PATISON, John, of Airdrie, Lanark. Im.jyroveme.nts in the 
desfruefive. distillation of coal and s/iak”— “For the distillation I use 
cast iron cylinders from 18 inches to 3 feet in diameter, and from 
18 to 30 feet in length, more or less, whether in one casting o^ 
more, bolted or united together in any way. The said reports are 
fitted with a shaft or shafts revolving inside and running parallel 
with said retorts, and placed in or on the said shafts or shaft, radial 
screw blades, either cast with or bolted on to the shafts, so as to 
form one continuous screw. A little space is to be allowf^d b^ween 
the screw blades and the sides and tops of the retorts for the free 
escape of the gases, vapours, and other products of the distillation 
into the condensers. The oils can be ])urifiod b^ redistillation o::^y 
jthe usual treatment with acids and alkalies.” 
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1873, April 10. No. 1327. 

HENDERSON, Norman Maofarlane, Oakbank, Mid Calder. 

Improvpjnmfn m destriLctive distillation of shde and oilier oil-yielding 
minerals, and in apparatus therefor." — “ In carrying out this inven- 
tion a series of four vertical retorts are arranged in a furnace or 
oven, with their Ijottom ends at a little distance above a central fire- 
space or grate. Their bottom ends are provichid with doors which 
can be shut gastight, and immediately below each door is an inclined 
valve, which in one position separates the bottom of the retort from 
the central firespace, whilst it can be turned over outwards to 
allow the spent shale to fall into the fires])ace. The four retorts 
are ^^referably charged and drawn at separately equidistant periods. 
More or less of the permanent gas formed during the distillation 
may bo led into the firespace to aid the (jombustion. Any number 
of retorts may be arranged in one oven, cither horizontal or 
inclined.” 

1873, July 12. No. 2407. 

MELDRUM, Edward, of Dechmont, Linlithgow. “ Iinjinornienfs in 
the 'inaniifactiire of and prod uetiou if par afine oil." — “ The coal or shalo 
is to be distilled from a cupola or furnace similar to a blast furnace, 
so constructed and arranged that the non condensable or j)ermanent 
gases from such distillation may be introduced above the place 
■vfhere air is admitted, so that any free oxygen may comlfine with 
such gas befoi e coming in contact with the products of distillation, 
and thus prevent their oxidation and destruction. A brick furnace 
(instead of iron as hitherto) is used, similar to an iron smelter’s 
cupola, or on a larger scale, similar to an iron worker’s blast furnace, 
admitting air at the bottom of the furnace to cause combustion of 
carbon in the spent shale, and admit gas obtained from the shale 
atPseveral places round the retort, from one to several feet above the 
air inlet, to ensure complete combustion and combination of the 
a^lmospheric oxygen and prevent destruction and oxidation of the 
products o^ distillation, the said furnace being closed, and having 
exit pipes to carry ofl’ oil, vaix>ui“, and gases to a condenser. Super- 
heated st^am may bo introduced into the uppei' portion of the 
distillj,tory a^p ai'atus, in order to carry forward the oil vapour to 
the condenser. The shale in the furnree is distilled by the heat 
carried up by the products of combustion, regulated in such a 
mailer by admissiojf of air and gas to cause low destructive dis- 
tillation, and thus formation of paraffine oil, in a space inside the 
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furnace immediately above the place of combustion, and regulated 
in such manner by admission of such gas thjit no oxygen can 
possibly pass uj>ward to the place of distillation uncombined with 
carbon or hydrogen, the said gas being an incondensable product of 
distillation from the shale.” 

1874, May 23. No. 1824. 

BELL, John, of Wishaw, Lanark. Impwvewmts in distilling coal 
and shak” — “ A tubular retort fixed in a horizontal position or at 
a suitable angle is to be employed. The retort contains a shaft so 
constructed that it may be made to revolve in bearings at each end 
of the retort, the said shaft carry portions of a screw thread and also 
flat blades, each portion of the screw thread consisting of one 
comidote turn of the screw, the flat blades and screw thread to 
alternate along the shaft. The edge of the screw and the blades 
are to be made so as to nearly touch the inner surface of the retort 
but yet revolve easily. The portions of the screw are to move the 
charge onward from one end to the other of the retort, and the 
blades are to turn it over repeatedly on its way. The screw blades 
arc i)erf orated to allow the gases generated to pass along the retort 
to the eduction pipe. The shaft is to be revolved by a revolving 
tangent screw or other power. The distillable material is to be 
either roughly ground or reduced to a fine grain, as may be found 
necessary ; and the retort ought never to contain much more than 
half the quantity that could be forced into it. The gases are 
condensed in the usual way.” 

1874, July 29. No. 2642- 

TWEDDLE, Herbert Wilkin Colquiioun, of New York and 
London. “ Improvements in the mnnufachtre of paraffine and luhricatiig 
oils.” — “A still is to be used heated directly or indirectly by fire 
heat. In this still are dry steam pipes, and a steam pipe perforated 
for the admission of common steam, superheated, or decomposed 
steam as may be desired. The dry steam pipes may be dispensed 
with. The said still is connected by suitable pipes to a pjiimp. To 
produce a vacuum in the still, and draw off the products of distilla- 
tion, there is a condenser between the pump and tiic Still. Crude 
petroleums of 33" to 50“ B. at 60“ F. are taken, and the distillate 
taken off as follow^ : first distillate from 62“ is) 63,“ B. residue put 
in vacuum still, and take off 38 to 45 per cent, illuminating oil 
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collected in one receiver ; then 20 to 30 per cent, more distillate is 
collected in another. The residual oils are dark green in colour, 
have little odour, and contain no separated carbon and are useful 
for lubricating purposes. The third distillate is to be chilled, and 
the paraffin separated by pressure. The oil after this can be 
purified by simple exposure to sunlight, or can be refined by re- 
distillation and a slight chemical treatment. The retort is to be 
made of wrought or cast iron, and has an upright cylinder with a 
perforated diaphragm, or two or more, in the interior through which 
the vapour from the still must pass to come in contact with the 
water injected or drawn in by the vacuum maintained therein. 
The water and oil separate on condensation in a pipe which must 
be ^ least 32 to 40 feet below the exit from the condenser where 
the oil is drawn off in a water seal or trap. The oil is drawn off by 
its appropriate pipe to the pump which maintains the vacuum, and 
pumps the oil into a suitable receiver. The oil, after expressing 
the paraffine, will be found to have great viscidity in relation to its 
specific gravity 30” to 34” B., and it has hardly any odour, colour 
or fluorescence by reflected light.” 

1875, September 7. No. 3137. 

YOUNG, William, of Clippens, Renfrewshire. ImprovoMcnU in 
ohkilnimj hydrocarbon vapemrs f ram gases j and in the apparatm empdof/ed 
tkerefar” — “A vertical tower or chamber constructed of metallic 
iron or other material is em}>loyed. This is to be divided into two 
compartments by an arch of brick or other non-conducting sub- 
stance. The upper compartment is filled with coke in the same 
manner as ordinary coke towers at present in use, while the lower 
compartment is arranged in the same way as a ‘ Coffey ’ still. (Fide 
No. 1393 of 1865.) Into the bottom of this compartment or a 
still a pipe conveying live or exhaust steam is introduced. From 
the top of the still or compartment there is connected a pipe leading 
ifo any convenient condensing arrangement. The gases containing 
the diffuSed vapours are passed into the bottom of and up through 
the coke in the upper compartment, at the same time the oil for 
effecting ^he absorption is drawn from a tank and pumj^ed into the 
coke compartment, and over the surface of the coke, which oil, 
as it ^aduai^y^escends absorbs the hydrocarbon vapours, and the 
gases as they ascend become denuded, and are then drawn off by a 
pipe placed at Jhe ^op of the coke compartment. The heavy oil 
conSining the absorbed volatile hydrocarbon is^ drawn off at the 
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bottom of the coke compartment and conveyed by a pipe to a coil, 
placed in a vessel, through which the denuded hot oil from the still 
is ])assod. The gases and heavy oils may be brought into contact 
under j)re.ssurc. The gases and oils arc pumped into the coke 
compartment, the denuded gases being allowed to escape into the 
outlet })ipc by a weighted safety valve (or their expansive force may 
bo used to assist in pumping a fresh portion of saturated oil into the 
coke compartment), the saturated oils being drawn oil’ at the base by 
a regulated ball cock. An ordinary still may ])c used, but the 
‘Cofley’ is preferred for a continuous jn’oeess, and the heat of a 
fire may be used in j)lace of steam.” 


1875, November 12. No. 3931. 

BPINNTE, Georoe, of Glasgow, Lanark. Imjfrovcmrnts in rcimis 
and tJmr jittimjs and appxirteiuma's coniurJed therewith for the distillation 
of shale, eoal, and other hittwnnons sahslan-cesl — “I erect a set of long 
vertical retorts, preferably four (or one to six), made slightly tapered 
or conical from the throat or neck of the charging tiller at top to 
the larger discharging mouth at bottom, in pairs parallel transversely 
and as close as their hoppers or flanges will allow within a rect- 
angular arched stove, furnace, or heating chamber’s, in brickwork, 
and carried by the upper flange and lower snugs or collars on each 
upon the upper and lower set of three strong transvei’se iron bars^ 
or equivalent plates built into the brickwork forming the heating 
chamber, with the lower mouth some considerable distance above a 
duplex movable fire grate or set of hinged furnace bars, below each 
pair of retorts, ranged parallolly to each other across the lower part 
of the heating chamber, and sufficiently above a transverse passage, 
to allow the trucks or boxes on wheel frames to receive the ashes 
and remove them, and which run on rails or guide plates laid at tl o 
bottom of this passage. The retorts are charged full of the broken 
up shale into the annular space, between their inner surface and the 
open central gas conducting tube, from the bottom to the?* tOp of the 
latter, and are then heated through from the outside by the heat 
generated within the chamber, at first by coal, coke or pther fuel 
charged on the hearth through the furnace mouth and closing doors, 
in the middle of the opposite sides of the brick work,‘^Mla afterwards 
cither wholly or partially by the residuary hot ash and iolid uncon- 
sumed carbon discharged at the outlet doors^f retorts after 
the gas and oil havjc all been distilled off.” 
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1876, May 12tli. No. 1998. 

HUMFREY, Charles, Hough Green, Chester, Cheshire, England. 

Improved method of kcaiing mineral oihT — “I first submit the oil 
(shale, coal, petroleum &c.) to a careful fractional distillation, and 
collect the heavy portion of the product. Instead of mechanical 
agitation of the oil with chemicals as has heretofore been the prac- 
tice, I force a large stream of compressed air through a pipe at or 
near the bottom of the vessel, by which a thorough and complete 
agitation is caused, and a considerable oxydizing effect is produced, 
powerfully aiding the action of the chemicals used, at the same time 
the great volume of air passing through carries off all traces of low 
gravity and boiling points, the result being lubricating oil possessing 
mofe body and higher flash point than any mineral lubricating oils 
heretofore made, making it especially adapted for lubricating the 
pistons, slide valves, and other parts of marine and other engines.” 

1877, March 29. No. 1246. 

YOUNG, WiLLTAM, of Clippens, Renfrewshire. ^^Improvements in 
the destractm distillation of coal, dV.” — “The improvements consist 
of: — First. In producing or inducing the decomposition or destruc- 
tive distillation of coal, shale, and other bituminous substances, 
used for the production of gas by causing a rai)id agitation or circu- 
lation of the volatile products inside the retorts or other distilling 
#r decomposing vessel, either by means of mechanical pistons or by 
the agency of jets of compressed gas, steam, or vaj)our, with the 
object of bringing about a more regular or equal decomposition into 
oil or permanent gjis as may be desired of the elements of the coal 
or other substance, and in some cases increasing the volume of gases 
by the decomposition of steam or other vapours, cmj.)loyed to pro- 
duce the current, and also by blending or combining, or carburetting 
tllfe gases injected (to produce the cuiTcnts) whilst in rapid agitation 
or circulation, in contact with the f)roducts of decomposition. The 
rhtorts or distilling vessels may be set either vertically or horizon- 
tally, provMed that arrangements are made for a rapid agitation of 
the products of distillation through or over the substance * being 
or to be #Iistillcd. Second. In improved means of producing a 
rapid Reparation of those hydrocarbons from the crude gases, which 
it is desirable lio^’emovc in the liquid foim, and at the same time in 
retaining in the gase?, those hydrocarbons, which are valuable as 
beinjjppf high illuminating power. This is accomplished by causing 
the gas to go through narrow ]>assages kept heated, these passages 
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being preferably of a tortuous nature, causing the gas to flow alter- 
nately from side to side, or by causing the crude gases to impinge in 
narrow minute streams against heated surfaces ; or alternately the 
gases may be highly heated, and passed through narrow passages, or 
impinged against surfaces, whilst in this heated state ; or by distri- 
buting the gases and causing them to pass through small tubes or 
perforations in a series of trays containing the condensed tars or 
other matters, these latter being kept in a heated state. Third. 
In sealing or luting the cover or door of retorts or distilling 
vessels, more particulai ly shale retort doors, by having the door and 
retort mouth turned, planed or otherwise faced, or a groove either 
in the door or retort mouth, or in both, in which steam or com- 
pressed gas is passed at a pressure exceeding that inside the retort 
or distilling vessel. Fourth. In so arranging the method of con- 
ducting the distillation of shale, &c., for oil, that the charging and 
discharging doors may ])e closed by lids or covers similar to that 
employed in coal gas nuinufacture, and known as Morton’s self 
sealing lids. This part of the improvement is effected by having 
the outlet for the products of distillation placed immediately at the 
doors or openings of the retorts, so that any air that may find its 
way into the retort does not require to pass through the substance 
being distilled, and at the same time the outlet is kejit so low that 
any oil condensed on the lid runs into it, an exhaust being preferably 
kept on the retort during the time it is used.” 

1880, February 10. No. 574. 

H ADDON, H. J., of Westminster, for Elijah Weston, Buffalo, New 
York. Jnqjrovanmils in oil stills ” — “The shell of the still may bo 
set in brickwork, connected in the usual manner with the uptake. 
The shell is cylindrical in form, and provided with a series of fire 
tubes, distributed at about ecpial distances from each other, passing 
longitudinally through the same, and connecting the combustion 
chamber and uptake. A sliding grate is arranged within the com- 
bustion chamber, to operate to close the upper tiers . >f firfi tubes 
when .the quantity of oil \^nthin the still has been reduced by evapo- 
rizarion below the level thereof. The partition plates^ (which are 
generally made of thin sheet ii-on or steel) are bent to conform to 
the contour of the adjacent heating surface. Tktb'^’plates"'should 
be located at such distance from the heating surfaces as to permit a 
free circulation, and contain sufficient oil il^ thq space separated 
to prevent burning, and to cover the heating surfaces. DiSerent 
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kinds and densities of oil will require greater or less space to effect 
the above conditions, which may be readily determined in practice. 
The function of the partition plates is to separate that portion of 
the oil next the heating surface from the remaining and greater 
portion, which causes a variation in the temperature of the separated 
portions. The portion next the heating surface being of higher 
temperature, naturally rises, and its place is supplied from below by 
the outer part. This action causes a constant circulation, and 
causes every portion contained in the still to flow in a reduced 
quantity in direct contact with the heating surfaces, so that every 
particle of the oil is subjected to the highest degree of heat con- 
tained in the still, which produces a rapid and perfect volatilization. 
TJae receptacles for collecting the products are not described, being 
too well known to be needful.” 

1880, April 17. No. 1578. 

YOUNG, William, of Clippens, Renfrew. ^^Improvements in tlie 
destructive distillation of sluile for the ohtairmient of rnviwral oil^ and in 
the apparatus or means employed therefor!’ — “ The object of these 
improvements is to bring about economics in the use of the fuel 
employed in the destructive distillation of shales which do not 
contain suflicient carbon for their distillation. The air supplied to 
the shale, coke and coal is first heated by passing it through a series 
of regenerative passages connected with the ovens or retorts, which 
passages are so arranged that they arc heated by the waste products 
of combustion of the fuel used to heat the retorts, and by the gas, 
coal, or other fuel used to supplement the heat from the carbon in 
the shale coke. Instead of using the coal commingled with the 
shale coke, I use it in a supplementary furnace, separate from the 
combustion chamber, but communicating with the oven or chamber 
fn which the retorts are set ; or I first convert the solid fuel into 
gas, and burn this gas in the combustion chamber, or in the supple- 
mentary chamber connected with the oven. To obtain a supply 
of steam •Economically I use the waste steam resulting from the 
manufacture of sulphate of ammonia from the liquors obtained in 
distilling^ the shale, or waste steam from other sources. To cause 
the ^asto steam to pass through the retorts, I either exhaust them 
so that the st^m may be drawn through them, or blow it through 
them by means of a pteam jet, the steam so drawn or forced, being 
heaj^d to free i4 fnitn moisture, and prevent its chilling the contents 
of the retorts. This steam in passing through the retorts acts in the 
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well known manner of washing out volatile products and forming 
ammonia with the nitrogen. The doors of the retorts and chambers 
are to be made in one piece to open or shut together.” 

1880, August 6. No. 3218. 

IMKAY, John, London ; for Reiner Rieth, Bonn, Germany. 
(Provisional protection only.) An improved laetliod and apparatus 
for distillinfj hf/drocarhons from coal, shale, and other mrhonaceous 
matter.” — “The coal or carbonaceous matter to be treated is placed 
in a retort and heated to a moderate heat. The retort has opening 
from it two pipes, an inlet and an outlet pii)e, the outlet pipe 
leads to coolers, in which the products of distillation are j)artially 
condensed, the condensed matters being collected in suitable vessels 
with which the coolers communicate. The uncondensed portions of 
the products are drawn by a pump or fan, and caused to pass again 
through the retort in contact with the heated carbonaceous matter, 
from which they take up a fresh portion of condensable matter, and 
thus the products of distillation are caused to circulate through the 
retort and the coolers until the material in the retort is exhausted. 

1881, April 12. No. 1875. 

YOUNG, William, Seafield House, Lasswade, Midlothian, “/m- 
provejuenfs in the manufacture of mineral oil and ammonia.” — “The oil 
is to be distilled off in one retort at a low temperature, and there- 
after the residue is to bo transferred to a second retort, heated to a 
considerably higher temperature ; or the operation may be performed 
in one long retort, so divided that the shale shall be distilled free of 
its oil at one end and the distillatit)n for ammonia completed at the 
other end, steam being employed for liberating the ammonia at the 
hot end.” 

1881, May 18. No. 2169. 

BEILBY, George Thomas, of Mid Calder, Midlothian. Imprcroe^ 
ments in distilling shale, &c., aiul in apparatus therefor.” retort' 
employed in carrying out the invention is a tube, which may be 
inclined, but is preferably vertical, and the upper part of i^ is made 
of iron, and the lower part of fire clay. The upper end at whi^h the 
shale is introduced is closed by a door or by the orxffnary hopper 
and bell, and the lower end is closed by a door, or it may be 
continued by an iron tube dipping a few inch'^s into water. ,^The 
exit pipe for the ©il va])our is connected to the upper iron part of " 
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the retort. The retort is built singly or with others in an oven 
heated by a coal, coke, or gas furnace, the fire gases being led by 
flues so as to first act on the lower fire clay parts and keep them 
at a bright red heat. The partly exhausted fire gases or portions of 
them are subsequently passed in contact with the upper iron parts 
of the retorts if found necessary. A current of steam is passed into 
the retorts, being introduced at the lower parts thereof. As the 
shale or other mineral gradually moves down each retort it is at 
the upper part subjected to a moderate temj)erature suitable for 
yielding oil in the best manner, the distillation being effected by the 
heat of the vapours or gases rising from the lower part of the retort, 
Bither alone or with some application of external heat. By the time 
the material descends to the fire clay portion of the retort it will 
have yielded up all or most of its oil, and then application of the 
[greater heat will cause it to give a greater yield of ammonia than 
is obtained with retorts constructed, arranged, and worked in the 
usual way.” 

1881, October 3. No. 4284. 

BEILBY, George Thomas, of Mid Calder, Midlothian. Improve- 
ments in (list illmg shale, dx., and in apparatus therefor ,^’ — “The upper 
parts of the retorts are suspended by means of» counterweighted 
levers, or otherwise suitably held up, so thiit their weight or a large 
part of it does not rest on the lower parts, which are subjected to 
bhe higher heat, and thereby rendered liable to injury by superin- 
cumbent weight. The retorts are also held in the brickwork in a 
manner to allow of their expansion or contraction by temperature 
changes without causing injurious strain ; that is to say, the upper 
parts arc not rigidly fixed but are left free to move to the necessary 
Bxtent through the openings in the ])rickwork or supports. The 
ft torts are preferably of circular section, and of small dimensions, 
being placed comparatively close together, and each group of four is 
provided with a single feeding hopper at the top, saving labour and 
expense, c^hilst a single pipe connected to the hopper piece serves 
[or leading off the oil from all four retorts. The fire gases are led 
Prom theiiSpaces in which they act on the retoits into one or more 
chambers or ovens, in which is placed apparatus, for generating and 
mperheating tfiS steam which is passed into the retorts, for assisting 
:he separation of the oil, but more especially for assisting the 
sepajj^tion of th# ankiionia after the oil, or nearly all the oil, has come 
bAI The steam heating-apparatus consists principally of horizontal 
[or nearly so) tubes of malleable iron or steel arranged in one or 
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more vertical sets, those of each set being connected at alternate 
ends by elbow pieces to form one continuous serpentine course from 
top to bottom. The tubes are filled (or partly so) with pieces of 
iron borings, i^c. ; and the water is injected into the up})ermost tube 
of each set in a small continuous stream, regulated according to the 
quantity of steam required. The steam thus made is superheated 
as it passes onwards, the borings, &c., giving a great surface, thus 
rendering apparatus of a small size very efficient.” 

1882, August 9, No. 3792. 

HITTING, Ebenezer Kinnard, Rye, Sussex (Eng.). 
pi'overnenls in the production of distillates from Kimmerklge shales.*’— 

“ The retorts are of any of the usual shapes, either vertically or 
horizontally set in brickwork, heated by fire or gas. The shale is 
to be broken up in any convenient manner, and placed in the 
retorts. When the Kimmeridge shale is thus gradually heated in 
the closed retorts, the first products are, ammoniacal liquor, 
tar, and a small quantity of permanent gas. These products are 
carried off, by a pipe, inserted conveniently at the back of the 
retort, but not higher than the top of the retort. This pipe 
leads to the coil, of a condenser of ordinary construction, but 
with a very large condensing surface, and a ‘ drag ' or partial 
vacuum is created in it by an exhausting steam jet, or by the' 
usual mechanical gas exhauster. As soon as the temperature 
of the retort has reached 210° to 250° C., I introduce steam 
into the retort at any convenient pressure ; and so regulated 
in quantity as not to materially reduce the temperature of the 
retort; the steam may also be superheated. The pi})e is made 
zigzag or spiral in shape, and is perforated at the end to allow of 
the exit of the steam. The steam is introduced at this stage and 
during the remainder of the operation, to assist it, and to absorb or 
decompose certain noxious bases, and carry them over in solution,' 
which would else be taken up by the distilled oils, thus*^rendering“ 
them difficultly purifiable. When the temperature reaches dull red 
heat no more tar will come off, and the distillation is finished. The 
retort is allowed to cool below visible red heat, when the carbona- 
ceous residue is quickly drawn from it into a shee’u iron cylinder 
with tight fitting lid, to prevent absorption of gases and impurities 
froq^ the air while cooling. The retorts may be so arranged ^Jhat 
the operation is continuous, i.e. the shale may be fed in at one end 
aj^d the residue taken out at the other.” 
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JAMESON, John, Akenside Hill, Newcastle upon Tyne. 
provemenU in dry didillatmi.” — “ The shale &c. is placed in a 
reverberatory furnace, and the gas or other vapors, exhausted 
downwards through the base of such furnace.” 


1883, January 20. No. 335. 

WALKER, Betinard Peard, of Birmingham ; and BENNETT, 
James Alfred Bereseord, of King’s Heath, Worcestershire. 
“ Improvements in ajiparalns vsed for the. distillation of coal^ shale, and 
other similar snhsfance^s,” — “This invention consists of a horizontal 
retort, the lower part of which is semi-circular in transverse section, 
but the upper part is not limited to any particular form. The 
retort is provided with a mouthpiece at each end, and at the top of 
the front end there is attached a hoi)[)er, from which the coal or 
shale is fed into the retort. This hopper may be furnished with a 
feeding screw in connection with a source of motion, and may or 
may not be partially or wholly surrounded with a water jacket. 
The back end of the retort also has a mouthpiece to the U]) 2 )or part 
of which is fixed the pii)c for conveying away the gas or hydro- 
carbon vapour, and from the lower part of which depends a chute, 
^terminating in a large receptacle for the rcco])tion of the coke or 
ash, cai)ablc of being opened and closed by a gastight door. 
Extending the whole length of the retort, and projecting through 
stuffing boxes in, and beyond the mouthpiece at each end, is a 

hollow cast or wrought iron shaft. The part of the shaft within 

the retort has formed around it a screw made up of segments or 

otherwise, and so placed that the lower pai’t of the screw comes 

l^early into contact with the bottom of the retort. The front end 
of the shaft outside the mouthpiece has a spur wheel, j)iiiion or 
•worm, through the intervention of which the shaft may be made to 
revolve •Ijy any suitable motive power. The oi)posite end of the 
shaft has a pi])e attached to it by which the heated air passing 
through the shaft may be conveyed to the furnace. By this means 
the furifaco is suj)plied with heated air while the shaft is kept 
sufiRIently to iwcvent it from bending. If found necessary 
provision may bo made for the attachment of an iron plate 
extending the whole length of the upper part of the inside of the 
retoft and is so iftranged as to be removed and re inserted or 
renewed from time to time. The action of the apparatus is as 
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follows : The retort being heated by the ordinary or other suitable 
form of furnace, the hopper being supplied with coal &c,, and the 
jacket supplied with water, on motion being imparted to the screw, 
the coal will fall or be fed from the hopper into the mouthpiece, and 
from thence by the revolution of the screw in the retort it will be 
slowly propelled to the back end thereof, and in the course of its 
transit will yield up its gas or hydrocarbon vjipours which will be 
conveyed away by the pipe at the back of the retort, while the coke 
will fall into the receptacle constructed for it, and be removed at 
convenient times.” 

1883, February 1. No. 540. 

HENDERSON, Norman M‘Farlane, of Broxburn, Linlithgow. 

Improvmmh in rcjimnq w distiUing minrrnl oil a and in apparatus 
therefor ! — “ The invention may be applied in the treatment of 
various kinds of mineral oils and at various stages of the refining 
process. In one arrangement of the a 2 )paratus for treating shale or 
coal oil after it has undergone one distillation subsequent to its 
obtainraent by destructive distillation from the shale or coal there 
are arranged in connection three horizontal cylindrical stills jdaced 
near together and heated by ordinary furnaces a convenient size 
for these stills being 7 feet in diameter by about 19 feet in length. 
Each still is fitted with an outlet or discharge jnpe in the bottom at 
one end, and an inlet pi 2 )e enters the still at the same end of the j 
still at a higher level, but is continued inside the still to the other 
end, so that the actual inlet may be as far as possible from the 
outlet in each case. Both inlet and outlet orifices 0 {)en upwards, 
provided with safety plug valves for closing them. Each still is 
formed with the usual va])Our dome or chest into which the vola- 
tilized oil rises and from which it passes into a long horizontal cylin- 
der or i^ipe wherein its heat is utilized in raising the temperature of 
the oil being continually fed into the first of the three stills. The oil 
supi)lied to the first still is passed through the feed heaters of all 
three stills, and is fed in continuously ; and whilst the dist^Bation is 
proceeding in each of the three stills, there is a continuous trans- 
ference of oil from the first to the second, and from the second to 
the third still, and from the third to one or more residue stills. 
The temperature maintained in the second still is thari^ the 

first, and the third higher than the second ; in consequcnjfi'e of which 
•the oils vaporized in the several stills are of different specific 
gravities, but the oil vaporized in or distilled over from each still 
is always of on equality or gravity so long as the feed and the heats 



PATENTS, 


313 


applied to the several stills are properly regulated. In the first 
still the oil fed in enters at a suitable distance from the bottom 
whilst the oil which is transferred from the bottom of the first 
still enters the second still at a suitable distance from the bottom, 
the oil from the second to the third also enters it at a suitable 
height above the bottom. In the third still as there is a tendency 
for coke or adhesive carbonaceous matter to separate from the oil, 
there are fitted certain jjlates or dishes to promote the circulation 
of the oil, and to form rece])tacles for the coke so that it shall not 
adhere to the bottom of the still. Two or more residue stills are 
preferably provided with each set of three connected stills, so that 
while one of the residue stills is being cleaned out there may be no 
interruption in the continuous action of the three stills.” 

1883, February 28. No. 1087. 

BAlUtOW, John, Clayton, near Manchester. Improved inode of 
and arrangement of apjtaratm^ for ejjeciing didllhition of coal, shale, iron- 
stone and organic snhstanees'' — “My invention has reference to the 
arrangements of retorts, and the application of heating substances, 
so that variation and gradual increase of temperature may be easily 
attained. The charging of retorts, and working off are effected in a 
successive manner, the internal and external heat being progressive, 
and under control of the operator, so as at will to bo either 
increased or decreased. The retorts are arranged side by side, 
and back to back, in two long rows, the retorts being so connected 
as to form a continuous series, — or that the series in plan represents 
a flattened circle, or an oval. The retorts are worked in sets of 
two, three or more, the first retort of one set becoming, after work- 
ing off, the last of the succeeding set, thus ; — 1, 2, 3, 4 ; 1, 2, 3, 4 ; 

, 1, 2, 3, 4 ; second working 4, 1, 2, 3 ; 4, 1, 2, 3 ; 4, 1, 2, 3 ; third 
working 3, 4, 1, 2 ; 3, 4, 1, 2 ; 3, 4, 1, 2 ; and so on round the 
whole series. By reducing the number of retorts in each set from 
4 t© %,JL can increase the temperature of the sot of retorts, and 
by increasing the number of retorts from 4 to 6, or 8, I can 
reduce the temperature of the set, the internal and external heating 
gases S.iving a greater or less distance to travel, and a greater or 
l#o quantki;^^ material to heat. As fuel for external heat, I prefer 
to use the gases generated in the retort after all the more valuable 
constituents have been removed, but I can use the residual coke or ^ 
otftr fuel. TheA is provided a system or arrangement of taps, or 
valves and dampers, whereby I am enabled to £fui)ply the gas (mixed 
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with a due proportion of air and ignited) to the first retort of the 
set, making the heat thus generated pass round in succession the 
remaining retorts of the set, before escaping to the main flue. 
When the charge is finished, the gas is shut oft’ from the first retort, 
which after being recharged, becomes the last of the succeeding set, 
and the gas being applied to the next in the set which now becomes 
the first. The gases are carried through the whole series before 
being condensed, one pipe sufficing for the gases from the whole 
set.” 


1883, April 28. No. 2149. 


CROSSLEY, William, of Glasgow, Lanark. (Provisional protection 
only.) ImproimnerUs in distilling slude and other miwrals, to obtain 
oil and other useful imdueis ; and in apparatus tMn for.” — “In carrying 
out this invention the distillation is eft’ected in a chamber or vessel 
which is not heated externally, but by means of steam which is very 
highly superheated, and is passed through and amongst the shale or 
other minerals. The distilling vessel may be of large size, is by 
preference of a vertical cylindrical form, and built of firebrick with 
an external iron shell or casing ; and it is provided with a double 
valved hoi)pcr at the top for introducing the mineral in a practically 
continuous manner and with one or more doors or other suitable 
outlets at the bottom for withdrawing the earthy residues. With 
each distilling vessel there are combined two heaters or chambers 
for heating the steam, each of these being a cylindrical iron vessel 
lined with firebrick, and containing checkerwork or oiionly arranged 
firebricks or any suitable refractory heat storing material. Each 
heater is prepared for heating the steam by there being burned in it 
some of the permanent gases formed in the distillatory process or 
some combustible gas separately produced for the purpose, the 
necessary air for its combustion being admitted or forced into the 
heater along with the gas or by different inlets. When the interior 
of one heater is sufficiently hot the supply of gas and air is stopped, 
and steam from say an ordinary boiler may be passed into^jL . At 
the same time the gas and air are turned into the other heater 
and burned in it to prepare it to heat the steam, they being used 
alternately. The highly heated steam acts on the shale &L, and 
causes the evolution of vapours of oil, tar, amme^ftb^ - and sofeijO 
permanent gas, and these products are led from the upper part of 
tl;ie apparatus to suitable condensers. In some cases it may . be 
advantageous to pass some air into the vessel either 's^ith the steiftn 
or' separately.’ 
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1883, July 23. No. 3604. 

PATTINSON, Hugh Lee, of Felling, Durham. ^^Improvements in 
apparatus f(nr distilling coal ar other like substances in order to obtain 
products therefro 7 n” — The same as No. 553 of 1883, except that, the 
retorts terminate at 7 feet from the base of producer instead of 
1 feet. 

1883, July 30. No. 3725. 

[RVINE, Charles McLaren, Blackwood, Lanark; and SLATER, 
Robert, of Blackheath, Kent. Iwprovewents in the treaiment of 
bitumimms shales largely impregmited with sulphur and in obtaining 
ordducts therefrom'^ — “Our invention relates to the treatment of 
shale containing large quantities of sulphur like the shales ob- 
tained from the oolite system present in large quantities in 
Kemmcridge iti Dorsetshire. This shale has at present been 
distilled at a high temperature, its products being almt)st valueless 
whilst the foul smell given off in such juocess has become a public 
nuisance. By our invention we remedy this by using the 
sulphuretted comj)Ounds by obtaining sulphur and other marketable 
products by proceeding as follows : — We take such shale or shales 
containing largo quantities of sulphur combined with the organic or 
inorganic iiiattcrs present and distil such shales at a low heat (as 
used to treat ordinary oil yielding shales) without but preferably 
with the application of steam, and condense the watery and oily 
distillates in the usual manner. We then conduct from the retorts 
in which the distillation is effected the gases generated consisting 
of incondensable hydrocarbons and sulphur compounds principally 
sulphuretted hydrogen and treat them in one of the following ways : 
1st. We simply burn the gases, and emjJoy the sulphurous acid 
produced for the making of sulj)huric acid in the usual well-known 
manner. 2nd. We mix sulphurous acid gaseous or in solution 
in water, with these gases containing sulphuretted hydrogen or 
sulphuiN^is acid gas and steam, the result being their mutual decom- 
position and the formation of water and elimination of free sulphur. 
The necessary sulphurous acid may be obtained by burning a certain 
proporflon of the gases containing the gases already described, and 
nfiing the * j;;=^ducts of combustion (containing sulphui’ous acid) 
with the other portions of the gases produced from the distillation. 
By adopting this method we purify the hydro-carbons, and can 
utilize thus pui-fiied either for heating or lighting. 3rd. We 
employ oxides of iron such as are usually use'd for the purpose of 



3i6 mineral oils AND BY-^PRODUCTS, 


gas purification, which oxides absorb the sulphuretted hydrogen 
and fix the sulphur and we then employ it for the manufacture 
of sulphuric acid by first burning it to produce sulphurous acid 
and then combining it with nitrous fumes.” 

1883, December 13. No. 6724. 

COUPER, Peter, Edinburgh ; and RAE, Martin, Middleton Hall, 
Linlithgow. “ Improvemenh in the didilhtion of roaf shaky mid other 
carbonaceous substances yielding hydrocarbons ami nitrogenous annpounds, 
and in the aggmrahis or meam employed therefore — “This invention 
has for its objects the obtaining of high percentage products and 
to utilise the heat giving properties of the said substances jirior'to 
the unconsumable ash or earthy portions of them being discharged 
from the retort or distilling chamber. To effect this object there is 
formed below the retort a chamber, ])referably of fire brick and of 
larger capacity for example twice, thrice, or a greater number of even 
capacities of the retort itself. At such times as it becomes necessary 
to recharge the retort, sufficient ash is withdrawn by means of a 
door in the under part of the chamber to allow the hot and partially 
exl^usted charge in the retort to sink into the chamber preferably 
corresponding to the level corresponding to the toj> of the chamber. 
One or more jets of steam is or are admitted into the lower part of 
the etdarged distilling chamber and which are preferably arranged so 
as to draw in the quantity of air necessary for securing the combus- 
tion and distillation hereafter described. The retort constituting the 
upper part of this apparatus is heated partly from surrounding flues 
or any other suitable manner, and partly by heat escaping from the 
enlarged chamber below. The distillation continued in this lower 
chamber is not cfiected by means of flues or other outside heat but 
by the combustion conducted within the chamber itself and mainly < 
of the organic matters remaining in the substance. It is preferable 
that this enlarged chamber be an even number of times the capacity 
of the retort, but not absolutely necessary. The products of distflla- 
tion are withdrawn from the upper part of the retort.” 

1883, December 27. No. 5873. 

HENDER>SON, Norman M‘Farlane, Rroxburn,' Litilithgow. 

“ Improvements in obtaining oil ami gas from minerals and in apparatus 
therefor! — “In carrying out the invention accordftigTo one modifi- 
cation vertical retorts* are constructed in rows, two rows forming a 



PATENTS. 


317 


bench. When shale or other oil yielding material is being operated 
upon and the principal object is to obtain oil, the mineral is dealt 
with in the following manner in each pair of retorts. Fresh shale 
is filled into the retort at one side, and for a suitable time is 
subjected to a comparatively low temperature to obtain the oil in the 
best manner. When the material has become reduced to “spent 
shale” or coke, a much greater heat is applied to it and highly 
superheated steam is injected into it in order to decompose the coke 
and drive off most of the remaining carbon and the ammonia. At an 
interval of time equal to about one half the time occupied by the 
two stages of the treatment of the mineral in one retort, fresh shale 
is filled into the retort at the other side of the bench, and the highly 
heated gases and vapours produced by the 2nd i)rocess in the one 
retort are led through the fresh minerals in the other.” 

1884, April 8. No. 6094. 

YOUNG, William, of Priorsford, Peebles; and BEILBY, George 
Thomas, of Mid Caldor, Midlothian. Improvements in the distillation 
7/ mineral oils^ and in the apparatus emplojjed therefor.” — “ The guiding 
principles on which our process and arrangements are founded 
are (First) continuous distillation, (Second) the utilization of the 
heat from the fuel, employed to effect the distillation, in such a 
manner that the high temperature where the combustion is effective 
is made to distil the oils having a high boiling point, and that as 
the products of combustion lose heat by distilling the said oils they 
are made successively to distil the more volatile oils, so that by 
the time they reach the flue leading to the chimney stack the heat 
has been fully utilized ; (Third) the separation of the oil vaj^ours 
arising from the oils of different densities as they flow from the 
hotter end of the still ; (Fourth) the conjoined heating and partial 
distillation of the oils on the way to the still, and the condensation 
of the oil vapours coming from the still in such a manner that the 
cold oil flowing to the still will first act as the condensing agent for 
the fho^ volatile vapours from the still, and that as the oil becomes 
gradually heated, it will be made to act successively as the condensing 
mediui^ of the heavier and less volatile vapours and by being 
tljj^s heated and applied will act as a means of further fractionating 
the oils and a‘aitho same time conserve the heat of uhe oil vapours. 
The still which we employ to carry out the process of distillation 
emJjjracing thqge essential features is so constructed that the oils 
which are to be distilled are made to flow in a tortuous manner 
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either horizontally or vertically by means of divisions in the still, 
and the vapours arising from the oils flowing in this tortuous 
manner are isolated in the diflerent stages of the flow, by means 
of partitions hanging from the roof of the still and dipping into the 
oil, the oil vapours being drawn ofi* and conveyed to the combined 
condenser’s by a still head and connecting jripe. The distillation may 
be continued for considerable periods when the oil is clear and nearly 
all volatile, but when the oils contain solid matters in suspension or 
solution, the residues must be drawn off’ from the still’s last division 
whilst they are in a liquid state, and treated in separate residue 
stills. A still, having the aforesaid character, may be of various 
forms, but the form we find most convenient is a long cylinder of 
malleable iron built in brickwork in the usual manner, but having 
rollers or other })rovision to allow of the cx})ansion due to the 
extra length. In cases where the oil has a tendency to deposit upon 
the walls of the still, the still may be built up of cast iron segments 
bolted together, and a stirrer may be made to rotate and keep the 
solid matters from being deposited. The still in whatever way con- 
structed is heated so that the firegases travel along the bottom and 
sides of the still, in the oj)posite direction to the flow of the oil 
undergoing distillation. The best condenser and heater combined 
consists of a vessel containing a number of vertical tubes, fixed into 
the bottom of said vessel, underneath being a chamber to collect the 
condensed oils.” 

.d884, April 8. No. 8409. 

YOUNG, William, of Priorsford, Peebles; and BEILBY, George 
Thomas, Mid Caldcr. “ Lnprorermnts in the didilhitum of mineral oils, 
their residues, ami tars, and in the apparatus einjiloycd therefor — *‘Tho 
apparatus for carrying out this invention consists of a vessel con- 
taining a series of shelves or trays placed over each other, all being 
built of malleable or cast iron. The oils, their residues or tar# 
are made to flow down from tray to tray of the arrangement, whilst 
a current of superheated steam is made to flow upwards and effect* 
the distillation of the oils, their residues or tars. The tray^are^lled* 
with broken materials such as iron balls, coke, &c., exposing a large 
surface.” 

1884, September 11. No. 12,286.^ 

DOW, Peter, of Whitelees, Lanark. Irnjmmmenis in retorts for 
distilling shale, coal, and other substances” — “ The invqption relates to 
the use of steam and air for distilling purposes in tiie vertical retorts, 
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in the lower part or chamber of such retorts. A vertical steam pipe 
is placed at the exterior of each retort, and such steam pipe is 
provided with a series of branches at different levels, each such 
branch having also upon it a valve or cock for opening or closing 
the admission of steam as required. — A further valve or cock is also 
provided in each case for opening or closing the admission of air. 
A spy hole with a shutter is also formed in the said retorts in the 
neighbourhood of the several branches for the purpose of inspecting 
the state of the material at different levels in the retort.” 

1885, May 16. No. 6048. 

AITKEN, IIknuy, of Ealkirk, Stirling. “ Improvements in tlie treat- 
ment of carhomiceouSf fdiumiuous, ealcareotts and other substances to obtain 
products iliere/romi’— “The invention consists in sending either all 
gaseous or volatile products, or a portion thereof, resulting from the 
substance undergoing combustion or distillation into the vessels or 
chambcT S themselves ; or ga.scous or combustible products obtained 
from an external source may be used. The gaseous products, by 
being wholly or partly burnt in the vessels or chambers, increase the 
temj)eraturc within the same and thus effect the distillation or 
burning in such vessels or chambers of substJinces which are not 
easily burnt or distilled by the heat produced therein by the intro- 
duction of air or steam or air. The gaseous products may be 
I admitted to the chambers or vessels either mixed with the air or 
steam or air and steam or they may be admitted either at the same 
level or at one or several points either above or below that at which 
the air or steam or air and steam are admitted.” 

1885, October 29. No. 13,014. 

^HENDERSON, Norman M‘Farlane, Broxburn, Linlithgow. 
“ Improvements in apparatus for distilling shale or other mineral oil or 
petroleum^ — “ In carrying out my invention the distilling processes 
, are •c(>i^ucted in a continuous manner and so as to obtain more 
uniform results than when the oil is dealt Avith in separate and 
distinct charges. One form is what is known as a wagon shaped 
still foP the primary one, and two secondary stills one each side of 
itf^f ohe sjwnej^shape. The primary still is connected by pipes and 
stop- valves with the secondary stills ; and each of these two are con- 
nected by 'pipes and stop valves, with two or more coking stills, 
which last arelis^ in rotation, one being cleaned while the other is 
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in use. The primary and secondary stills are heated by furnaces 
built so that the legs or lateral deeper parts are built into walls and 
protected from the direct fire heat. The fire grate is preferably 
placed in a low position between the two walls carrying the still, 
the space above the grate and between it and the concave bottom 
of the still serving as a combustion chamber and tending to prevent 
smoke. From the combustion chamber the firegases pass along 
under the concavity of the still from the front end to the back end 
returning by flues at the sides and finally descending by vertical 
flues to underground flues leading to the chimney. In the primary 
still the oil operated on enters by a vertical feed pipe just dipping 
below the top surface of the oil, whilst in each secondary still, the 
oil enters by a horizontal feed pipe situated at a short distaijpe 
above the top of the concavity of the still bottom, the feed pipe 
entering the still at one end, and delivering the oil at the other end. 
In such cases as a small quantity only being distilled the secondary 
stills may be abolished, the primary one connecting direct to the 
coking stills.” 

1886, November 15. No. 14,840. 

YOUNG, John, Stoke on Trent. Jmjn'ovemeMh in carlmimng or 
distilling cml or shale.” — “ My invention consists in adding to the 
coal or shale, after it is j)laced in the retorts for distillation, common 
salt to the extent of 4 lbs. avoirdupois to every ton of coal, 
shale &c. The products resulting are much more easily freed 
from suli)hur compounds ; the ammoniacal products are increased in 
quantity.” 

1886, December 2. No. 15,772. 

TENNENT, Robert Browne, Whifflet, Coatbridge, Lanark. 

Im,provems?its in the destruetive distillation of shale and other minerals 
and in retorts therefor.” — ‘‘ The improvements as applied to a bench, 
of four or any greater number in a parallel row of close retorts, 
are arranged vertically, each preferably of a rectangular shape 
inside and outside in horizontal section, and having thr> vails 
mostly built of fireclay bricks of equal thickness throughout the body 
part, so as to be heated by flame flues surrounding this, which is 
strengthened by numerous odd bricks across the surrounding ver- 
tical flues to stay and keep the walls in proper shap^, Fach refort 
is formed or fitted with a cast iron filling or charging tdp case and 
mouth-piece built into the brickwork and extending down to the 
neck of the brick retort^thc body part of which tapers or wSens 
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out on all the four sides towards the bottom like an obelisk. From 
this straight wide part however the discharge end is curved at right 
aiiigles to the body, within the strong basement brickwork and lower 
part of the main outer front walls enclosing the whole set of 4 or 
more retorts when they are extended in line. This curving out 
discharge end is cased with iron on the lower side, and contracted 
on the upper curved side towards a rectangular cast iron discharging 
mouth piece with ordinary closing and opening doors, and secured 
to the front walls on opposite sides, at a convenient height off the 
floor level to deliver the spent material. Each pair of retorts so 
constructed (preferably 8 to 12 times their width in height) are 
built back to back in the transverse direction, with their discharge 
lower ends curved or branching outwards on opposite sides from 
each other through their respective front side walls, and over their 
hot air and gas distributing and uniting flues and pipes ranged in 
the basement brickwork below each pair of retorts which they have 
to supply and heat.” 


1887, May 31. No. 7867. 

FRASER, William Milligan, and SNODGRASS, James, Pum- 
pherston, Midlothian. “ Improvements in primary distilling apparatus 
for shale (Ssc ^ — “ Each retort on one side of a bench is dealt with as 
a pair with the retort adjacent to it on the other side of the bench 
mnd the lower brickw’ork parts of each pair of retorts are built of 
a form which is rectangular or approximately so in horizontal 
section, the compartments for the two retorts being separated from 
each other by a comparatively thin brickwork partition which has no 
flues passing through it. Flues are formed round the pair of lower 
parts for the passage of ignited gas to heat them, such gas finding 
its way into the oven space in which the upper part of the retorts 
ire placed, and from thence finally to a chimney. In this way 
'^overheating the middle adjacent parts of the two lower retort 
spaces of a pair is avoided and the formation of clinker at those 
I)arts^s |5f evented, whilst the ignited heating gas is better used on 
the three sides of each retort sjxice. The heating is in effect more 
uniform across the retort spaces, the treatment of the material 
m%0 equal ^ and complete, and its descent more regular. The 
retorts at the sl^e time are rendered more durable, whilst the cost 
for repairs and maintenance are lessened. These improvements are 
apphaable to retartg at present in use, as well as in the building of 
new retorts.” 
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1888, July 7. No. 9893. 

JONES, Jam^s, Dalmeny Oil Works, Linlithgow. “ Improvements 
in vertical or inclined retorts for distilling shale.” — “ One modification of 
the invention consists in constructing that portion of the underside 
of the discharge orifice or mouth piece more or less approximately 
flat or at a slightly obtuse angle with the vertical axis of the 
retort. Another way the discharge orifice is formed in a con- 
tinuous incline from the line of its junction with the bottom of the 
retort to the discharge door,” 


1889, June 14. No. 9783. 

INKERMAN, Alexander Neilson, Kenfrew, and BLACK, 
Wm,, Stanrigg, Airdrie, Lanark. ^^Improvements in distilling shale^ 
coal &c, and in retorts” — “The improved retort or chamber is 
built of firebrick in the form of a large cylinder and preferably 
encased by a shell of sheet iron to excude air. A hopper is fixed on 
the top, to which the sheet iron is securely jointed. A door or doors 
may also be jointed to the shell at the bottom for drawing off refuse 
from the retort. At or immediately above the lower doors a jet of 
steam is introduced, and also a supply of air, both of which may be 
regulated according to the heat required. The retorts may be built 
singly or in groups. The retort when applied to shale distillationc 
for oil &c., is preferably built vertical and is of great height and large 
dimensions, and it may be oblong at the bottom, tapering slightly, 
and regularly, narrower towards the top. The action of the retort 
is practically continuous, a portion being drawn from the bottom, 
and a fresh portion charged at the top at regular intervals. The 
contents of one retort may be as much as 50 tons or more, ^ or 
thereabouts being drawn from it and an equal quantity added^ 
daily, thus ensuring the material to be under the action of the 
heated vapours or gases for 4 or 5 days. The outlet or outlets for’ 
vapours are at the top part of the retort. The partially sfjent'shaleT 
is burnt at the bottom by the steam and air the hot vapours and 
gases from which pass up through the mass of fresh shale ^hereby 
the oil products are distilled under the most favourable ciro^p- 
stances. In cases where carbon is deficient in the sfbnt material^ 
maintain the desired heat) a small quantity of coke-breeze, cinder, 
or anthracite coal may be charged along with material jfc^iwg 
operated on.” 
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1889, March 16. No. 4597. 

YOUNG, William, Priorsford, Peebles, and BEILBY, GtKORGk 
Thomas, Slateford, Midlothian. ImprovemeTds in the distillation of 
mimral oils and apparatus therefor J* — “ An arrangement suitable for 
the continuous distillation of oils when a high temperature has to 
be employed as with oils in a crude state or after their grosser 
impurities have been removed by a treatment with acid and alkali, 
consists of a vertical ‘ cylindrical ' dome covered still composed of 
outer and inner shells of such dimensions that the annular space 
between them is just sufficiently wide to admit of access for cleaning. 
The whole shell is built of malleable iron or steel plates with the 
e^ffieption of the dome shaped crown of the inner shell which is the 
part exposed to the greatest heat and is preferably made of cast 
iron. The annular space between the shells is divided into compart- 
ments by horizontal partitions. These compartments communicate 
with each other and with the chamber between the outer and inner 
domes, by means of covered tubular openings which trap the vapours 
as they are evolved from the oil and allow them to pass up through 
the oil contained in the upper chamber. There are also other 
openings through the partition for the passage of the oil. These 
openings are arranged to cause the oil to travel in a circuitous 
course round the annular compartments and through the upper 
chamber. The residue is drawn off from the upper chamber into 
other stills in which it is distilled to dryness. Steam may be used 
to assist the distillation of the vapours, but in far less quantity than is 
generally used, because the more volatile oils partly serve the same 
purpose as steam. The oil vapours are condensers as explained in 
Patent No. 6094 of 1884. Stills constructed and worked in the 
above described manner may be worked in a series of two or more.” 

1889, June 24. No. 10,277. 

"pEWAi.7^ James, Cambridge; and REDWOOD, Boverton, 
Finchley. ^^Improvements in the distillation of mineral oils and in 
apparatus for that purpose.^* — “We arrange a suitable boiler and a 
condensdf in free communication with each other, without inter-" 
poiSShg any valvp^between them, but we provide a regulated outlet 
for condensed liquid from the condenser. We charge and keep 
charged the* space in the boiler and condenser that is not occupied 
by liqftid with gas finder considerable pressure, it may be with air, 
Tbilt preferably with carbonic acid gas, or other gas that cannot act 

Y42 
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chemically on the matter treated. The distillation and condensation 
being thus conducted under considerable pressure, which can be 
regulated at will, we obtain from heavy (petroleum) residuum a 
quantity of more or less light oil suitable for illuminating purposes, 
which cannot bo obtained by distilling under atmospheric pressure. 
A suitable valve should be provided for drawing off any incondens- 
able gases. We may also arrange the top part of the apparatus so 
as to ‘ crack ’ the oil, but at a high pressure instead of at atmospheric 
pressure as is usual.” 


1889, August 17. No. 13,016. 

DEWAR, James, and REDWOOD, Boverton. Imprme/mnts 
in distillation of mineral oilsy and in apparatus therefor y — “ To obtain 
heavy oils of high viscosity needing little subsequent purifica- 
tion we conduct the distillation under a regulated pressure lower 
than that of the atmosphere in a current of air or other gas that 
cannot act chemically on the matter treated, our arrangements 
being such that the distillation is continuous. The retort and 2 
receiving vessels are all connected with an air pump. The retort is 
provided with the necessary pipes for the admission of the air or 
other gas, and also a pipe as an inlet for the oil to be distilled,” 


1889, October 31. No. 17,232. 

HENDERSON, Norman M‘Farlane, Broxburn Works, Linlithgow. 
— “ In my invention for distilling lubricating oils from residues &c, 
I employ a still of circular form in plan, having a hemispherical 
cast iron bottom with an upper part of wrought iron or steel aijd 
of an enlarged diameter. The still is supported on walls with tHi 
still bottom at some distance above the fire grate ; and steam ]& 
superheated by the same fire, being passed through a coil* of «pipiqg 
arranged round the upper part of the furnace space, such upper 
part being larger than the fuel space. The superheated steam passes 
* into the still through a continuation of the piping, which inside 
of the still is arranged in coils two or three of \^ich‘ lie in a%ori- 
f - jzontal plane close to the bottom of the upper emarged part of the 
and from these coils the piping is continued in Wo or three 
coils extending downwards near the sides of the *lower parf of the 
still which is of ‘smaller diameter. From the end of the coils lasi 
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referred to the pipe is led upwards and out of the upper part of the 
still to regulating valves and thence again enters the still and 
proceeds nearly to the bottom where it issues among the oil and 
assists in the usual way. The steam is highly heated when first 
entering the still but in passing through the coil it yields part of 
its heat in an effective but non-injurious manner through the 
pipes to the oil, and when it finally enters openly amongst the oil 
its temperature has become suitably reduced. The various parts of 
the piping are provided with suitable valves externally so that 
steam can be led into the oil direct, as it is desirable to shut off the 
steam from the coils when the oil in the still has become lowered to 
a certain extent.” 



INDEX 
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Ammonia salpliate, sulphur acid used 
in manufacture of, 49 

— — uses of, 171 

working details of manufac- 
ture of, 179 

— water, 48, 169 

determination of ammonia in, 
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special method for determining 

* ammonia in, 233 
strength of, 188 

— — — of spent, 189 
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Co., Limited, 17, 20 
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Baxter and Macay’s method of cool- 
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Bell, connection of, with distillatkni 
of shale, 4 

— lease of shale fields, &c., 10 
Bell’s horizontal retorts, 60 
Bellsquarry oil work, 20) 

Benhar, oil works at, 9, 16, 20 
Benney, 11 

Binnend oil work, 17, 20 
Birkenshaw oil work, 20 
Blackburn, oil work at, 9, 20 
Blackston oil work, 20 
Black liquor, 7 
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price of, 6 
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— — determination of, 236 

— points of various shale products, 
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Bridesholme oil work, 20 
Brown, Bros. & Co.’s oil work, 7 
Broxburn Oil Co., Lim^, 16, 20, 30 

work, 10, 20 
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ties of, 200 
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price of (1864), IX 
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of, 230 

stills, construction of, 121 

treated, 137 

Burntisland Oil Co., Limited, 17, 22, 
30 

“Burnt ’’oil, 47 


Caledonia Mineral Oil Ca, 19, 22 



328 MINERAL OILS AND BY-PRODUCTS, 


Caledonia oil work, 22 
Capeldrae oil work, 18, 22 
Capital of the oil companies, 31 
Capputhall Bog oil work, 22 
Cambuslang Oil Co., 7 
Carlisle and Co., 8 
Carlowrie oil work, 22 
Carrick and Arnot, 11 
Champfleuric oil work, 18 
Char used in wax refining, 165 
Chrysene, 124 

— preparation of, 251 
Clyppins Oil Co., Limited, 17 
amalgamation with Mid 

Calder Oil Co., 19, 22 
Clyppins oil work, 1 7, 22 
Clydesdale Chemical Co., 7, 22 
Coal, Boghead, price of, 6 

— Coatbridge, yield of crude oil from, 

14 
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12 

— Parrot, 11 

— Pirnie, 11 
Coatbridge oil work, 14 
Cobbinsliaw oil work, 18, 22 
Coefiicient of expansion, 117, 241 
Cold test and percentage of wax, rela- 
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and viscosity, relation between, 

221 

how to determine, 215 

Coke, analysis of, 249 
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recovery of soda from, 210 
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through, 106 
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— — construction and method of 

working, 100 

naphtha, 102, 143 
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, working, 106 
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still, 105 

yield of, 107 

— why and how formed, 52 
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test for wax in, 231 
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119 

regulation of water supply 

for, 119 

— laboratory, 239 
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Coneypark oil work, 22 
Contract of copartnery between 
Young, Meldrum and Benney, 5 
Continuous distillation, bad features 
of, 198 

Henderson’s method, 198 

of shale in ovens, yield from, 
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Cooling, Beilby’s method of, 151 

— crystallisation affected by method 

of, 53, 153 
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— drum. Young’s, 147 
Henderson’s method of, 1 

— Macayand Baxter’s method of, 

— McCutchon’s mpthod'of, 153 
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Cracker boxes, oily bases from, 187 
Cracking caused by distillation, de- 
monstration of, 51 

— oil by pressure, 195 

by use of a column, 196 

by use of a column, fallacy of, 

197 

Craigie oil work, 22 
Crofthead oil work, 7, 22 
Crownpoint oil work, 22 
Crude oil, danger from water in, 116 
expansion of, 117 

— oils, characteristics and impurities 

of, 48, 123 

from various retorts, 123 

— shales, 123 

laboratory purification of, 237 

— corrections necessary for, 

245 

details of, 241 
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dirt and water, 116 ^ 

— — products from, 124 
— ■ — stills, see Stills 

— — theory of refining, 48 

where first obtained in England, 

2 

Crude scale, 140 

Crystallisation afiected by mode of 
cooling, 53, 153 

— promoted by distillation, proof of, 

52 


Dalment Oil Co., Limited, 16, 22 
D^ansoil work (Westlothian Oil Co., 
Limited), 18 

Dej^H/Ures and loans compared with 
original capital, 30 
Dennet and Brown oil work, 15 
DenneJ shale, 15 
depreciation of share values, 32 
£)istillatiori*, cracking caused by, 51 

— crystaHisation promoted by, 52 

— of oils,* impurities separated by 

• 51 • m 


Distillation of oils, the functions of, 
51 

— of shale, general outline of, 54 

— regulation of, by steam, 118 

— versus acid and soda treatment, 

248 

Distilling, 110 

— data (Chapter VI.), 191 
Dougal’s oil work, 9 
Drumcross oil work, 22 
Drumgray oil work, 22 
Dryflat oil work, 22 


Early method of extracting wax, 
155 

East Fulton oil work, 22 
Eggs for acid, 129 

Explosion doors for retort gas mains, 
92 


Famous lawsuit, 7 
Fatty oils, tests for, 231 
Fauld^s oil work, 10 
Fell’s oil work, 9 
Fergushill oil work, 22 
Fernie’s oil work, 18 
Filter press, 156 
Financial losses, 30, 32 

cause of, 33 

excuses for, 33 

First manufacturer of oil from Bog- 
head coal, 1 
Finished liquor, 7 

First stage oil stills, method of frac- 
tionating distillate from, 
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treatment of, 133 

Flash point of lubricating oils, method 
of determining, 219 
— points, how to determine, 218 
Fourth stage oil stills, method of 
fractionating distillate from, 139 
Fuel for coke tower naphtha appara* 
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Fuel for Henderson retorts, 71 
~ — vertical retorts, 68 


Gallktly^s connection paraflSn wax, 6 

— improved retort, 68 

— improvement on Kirk’s vertical 

retort, 68 

Gas, fallacy of extracting all naphtha 
from, 68 * 

— from air condensers, temperature 

of, 100 

Henderson retorts, analysis 

of, 250 

— . — — — volume of, 106 

— — stills, 125 

Young and Beilby’s retorts, 
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sity of, 200 

— preparation of, 143 
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from, 145 

Geographical and geological (Chapter 
II.), 38 

Glasgow Scottish Oil Co., 14, 22 
Glenture oil work, 22 
Grange oil work, 22 

— Pans oil work, 22 
Greendykes oil work, 22 
Greengairs oil work, 22 
Green liquor, 7 

Greenshields & Co.’s oil work, 17 
Griffith’s retorts, 14 


Habthill oil work, 9, 22 
Hermand Oil Co., 22 

— amalgamation with Wal- 

kinshaw Oil Co., 19 
^ work (Dennet and Brown), 
15,22 

Heavy oils and wax, method of ex- 
traoting wax from, 140 


Heavy residuum stills, method of frac- 
tionating distillate from, 139 
Henderson’s method of continuous 
distillation, 198 

of continuous distillation, bad 

features of, 198 
of cooling, 150 

— retorts, see Retorts 

— sweating apparatus, 163 
High Fossil oil work, 22 

Holmes Oil Co., Limited, 18, 22, 30 
Horizontal retort, large size D, 60 
setting, 61 

— retorts, see Retorts 
Hurlford oil work, 22 
Hutches, 66 

Huchinson’s oil work, 24 
Hydraulic press, 155 
Hydrocarbons, 46 


Injectors for burning oil, 187 
Inkerman oil work, 17, 26 
Inverkeithen Oil Works Co., 9, 24 
— retorts, 12 


Johnstone oil work, 17 


Kilwinning oil work, 24 
Kirk’s vertical retort, see Retorts 
Kirkwood, oil work at, 14, 24 


Laboratory and works results, dif- 
ference between, 249 

— (Chapter VIII.), 214 

— cold press, 239 

— condenser, 237 

— purification, corrections neoissary 

for, 245 

details of, 241# 

form for reporting results, 247 

of crude oil, 237 

— stni, 237 • * 
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Laboratory vise press, 238, 239 
Lanark Oil Co., Limited, 18, 19, 24 
Lanark oil work, 24 
Lanemark oil work, 24 
Latent heat of oils, 200 
Leavenseat oil work, 24 
Lighthouse burning oil, 138 
Limerigg oil work, 24 
Linlithgow Oil Co., Limited, 18, 24 

— — losses of, 30 

Livingstone’s (Dr.) connection with 

Addiewell works, 11 
Loans and debentures compared with 
original capital, 30 
Lochgelly oil work, 24 
Low Fossil oil work, 24 
Lubricating oil distillates, 142 
8{)ecific heat of, 200 

— — treatment, 142 

— oils, method of raising flash point 

of, 142 


Macat and Baxter’s method of cool- 
ing, 150 

•Marine burning oil, 138 
^ McBeath’s retort, 69 
McCutchon’s cooler, 153 

— proposal for cheapening cost of 

steam for retorts, 93 

— steam superheater for stills, 114 
McLagan’s Oil Works, 14 
Meldrum, 2 

I Melting points, determination of, 
. 223 

— — of crude scale, 140 

— * 7 - o| mixtures of wax, calcula- 

* tions for, 224 

— —of mixtures of wax and 

^ stearine, 225 

f - — of stearine, peculiarity of, 224 
ethyl coaT, see goal 
Methyl Paraffin Oil Co., 24 
— paraffin oil work, 11 
Mld&lderOilCd.,45, 24 
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Midlothian Oil Co., Limited, 17, 24 

amalgamation with Clip- 

pens, 19 

Millbum oil work, 18, 24 
Miller & Son’s oil work, 8 


Naphtha from air condenser, see 
Air condenser 
— treatment, &c., 143 
Nimmo & Son’s oil work, 12 
Normal paraffins, boiling points of, 259 

chemical formulas of, 260 

preparation of, 257 

North British Oil and Candle Co., 12, 
24 


Oakbank Oil Co., Limited, 15, 24 

work, 8, 24 

Oil burners, 187 

Oil in wax, determination of, 228 

— traps, 210 

— Companies, list of, with dates, &c., 

20 

total number that have been 

in existence, 28 
Oily bases, 49 

effect of, on oils, 50 

extraction of, 256 

from cracker boxes, 187 

Olefines, 49, 52 

Old Monkland oil work, 24 

Once run oil or distillate, 124 

treatment, 131 

Origin of Scotch oil trade, 1 

— of shale oil industry, 3 
Over Fossil oil work, 24 


Pagb & Co.’s oil work, 24 
Paraffin oil work, 24 
— wax, see Wax 

Paraffins, normal, see Normal paraf- 
fins 

Fathhead oil work, 24 
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Paul and Grey’s oil work, 9, 24 
Pentland oil work, 17, 24 

— Retorts, see Retorts, Young and 

Beilby 
Phenols, 49 

effect on oils, 50 

— extraction of, 253 
Philipstoun oil work, 18, 24 
Photometric tests of burning oil 

fractions, 230 
Port Dundas oil work, 24 
Practical (Chapter IV.), 54 
Press cloths, analysis of, 250 

— filter, 156 

— hydraulic, 155 

— laboratory, 239 
Pressed oil, treatment of, 141 
Pressing, 146 

— theory of, 159 
Pressure stills, see Stills 
Products from crude oil, 124 
shale, 97 

Pumpherston Oil Co., Limited, 18, 24 
Co.’s losses, 30 


Recovebed acid, 205 
method of obtaining, 205 

— soda, 206 

Residuum stills, method of fractio- 
nating, 139 
Refining, 110 

— theory of, 48 

Relations between cold test and vis- 
cosity, 221 

specific gravity and viscosity, 

221 

Retort condensers, see Air condensers 
Retorting, fallacy of too long, 78 

— firet advancements in, 68 
— • special advancement in, 71 

— theory of, 46 

~ V, refining, improvements in, 28 
Retorts, amount of vacuum in gas 
mains, 94 

— » auxiliary apparatus, 93 


Retorts, Ballantine’s, 12 

— Beilby’s, 81 

method of working, 82 

— — objectionable features of, 83 
— ' — principal features of, 83 
yields, &c., from, compared 

with Henderson’s and ver- 
tical, 83 

— Bell’s horizontal, 60 

— Cowan’s horizontal, 60 

— explosion doors for gas mains of, 

92 

— forms of, first used, 5 

— gas from, see Gas 

— Griflith’s, 14 

— Henderson, improvement in Deal- 

ing, 76 

fallacy in using spent shale as 

fuel in, 75 

favourable features of, 76 

fuel used in, 74 

hourly yield from, 77 

labour required, 74 

life of, 78 

method of working, 72 

objectionable features of, 76 

reduction of fuel for, 76 

shale charges for, 78 

strength of ammonia water 

from, 189 

— — versus vertical, comparison of 

yields, &c., from, 79 

— horizontal versus vertical, cost of 

working, 62 

— market values of pro- 
ducts from, 63 

yield of finished products 

from, 63 ^ » 

j yields of crude oil, &c,, 

' from, 62 

— Inverkeithen’s, 12 

— Kirk’s vertical, 59, 64^ 

Galletly’s^mprovement of, 

68 t 

method of working, 64^ 

— large sized D Ifbrizontal, 60 
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Retort B, M^BeatVs, 69 

— method of charging, 57 
— result of using steam in, 67 

— setting for horizontal, 61 

— vertical, capacity < 'f, 66 

fuel used in, 68 

labour required, 74 

life of, 68 

shale charges for, 66 

versus Henderson, 79 

\ versus horizontal, see Retorts, 

horizontal versus vertical 
__^?roung and Beilby’s, 84 

claims made for, 86 

! coal, 87 

cost of working, 90 

erroneously reported large 

yields of ammonia 
from, 91 

exceptional size of, 89 

hazardous working of, 

89 

— life of, 89 

McCutchon’s proposal 

for cheapening cost of 
steam used in, 93 

shale charges for, 89 

special novelty, 87 

versus Henderson’s, steam 

used in, 93 

strength of ammonia 

water from, 189 

V. Henderson’s, yields of 

crude oil, &c. from, 90 

i;. Henderson’s, yields of 

finished products from, 

90 

— ^ V. Henderson’s, yields of 

scale and lubricating 
oil from, 91 

— Yjpug’s horizontal D, 57 

— — • vertical, 58 

feults^n, 58 

•improved, 58 

— when steam was first used in, 67 
Rif gend chemfea^ and oil work, 24 


Roachsole’s oil work, 24 
Rosin oil, test for, 232 . 

Ross oil work, 24 

Ross & Co. (Philipstoun oil work), 
18, 24 

Roughcraig oil work, 24 
Rowatt and Youll oil work, 24 


Sacking, analysis of, 250 
Scale, crude, 140 

early methods of extracting, 

155 

melting points of, 140 

— determination of dirt in, 228 

of oil in, 228 

of water in, 229 

Scottish Mineral Oil Association, 34 
Seafield, oil works at, 17 
Second stage oil stills, method of 
fractionating distillate 
from, 133 

treatment, 135 

Secret oil work, 6 
Separator for oil and water, 97 
Setting point, 215 

and percentage of wax, relation 

between, 217 

and viscosity, relation between, 

221 

Sevinhill oil work, 26 
Sosewell oil work, 24 
Shale and coal, difference between, 
41 

— breaker, 54 
why used, 55 

— chemical composition of, 45 

— cooling pond for spent, 108 

— curly, 42 

— Dennet, 15 

— distillation, general outlines of, 

54 

— distilled per annum, 28 

— fields, boundaries of, 38 

— leafy or scaly, 42 

— plain, 42 
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Shale oil manufacture, diagram of, 166 

— products from, 97 

— proof that oil does not exist in, 

46 

— relative yields from, 168 

— seams, names of principal, 40 

sectional diagram of, 39 

sectional diagram of, references 

to, 40 

thickness of principal, 40 

— theory of distillation of, 46, 48 
Shales, chemical composition of 

spent, 45, 48 

— specific gravity of, 44 

— widely diverging characters of, 

42 

— yields of crude oil from, 42 
Shand’s oil work, 26 
Shareholders* poor prospects, 30 
Shares, depreciation in, 32 
Shettleston Oil and Chemical Com- 
pany, 26, 32 

Shott’s oil work, 12, 26 
Simpson’s oil work (Benhar), 9, 16 

(Oakbank), 8 

(Uphall and Sterlaw), 14 

Smith Brothers and Hurling, oil 
work, 18 

Soda coke, see Coke 

— recovery, cylinder process, 206 
tower process, 208 

— stills, method of fractionating, 

141 

— tar, 49, 126 

recovery of soda from, 206 

cost of apparatus, 209 

Solidifying point, 214 
Specific heat, &c. of shale products, 
200 

— gravity compared with Twd. and 

B^., 261 

Spent ammonia water, 189 

— shale, 45, 48 
Standard Oil Co., 33 
Stanrigg oil work, 26 
Stearates, test for, 232 


Stearine, determination of melting 
point of, 224 

— melting points of admixtures of, 

with wax, 225 
Steam, see Retorts and Stills 
Steel’s oil work, 10 
Sterlaw Oil Co., 26 

— oU work, 15, 26 
Stewartfield oil work, 26 
Stewart’s oil work, 26 
Still-ends, see Chrysene 

Stills, first stage, method of fractio- 
nating distillate from, 132 

— second stage, method of fracti^ 

nating distillate from, 133 

— third stage heavy, method of 

fractionating distillate 
from, 136 

— light oil, method of fractio- 

nating distillate from, 135 

— fourth stage, method of fractio- 

nating distillate from, 139 

— ammonia, 173 

— burning oil, construction of, 121 

— capacity of, steam and labour items 

relating to, 195 

— condenser, danger from too long \ 

cooling, 119 

regulation of water supply for, 

119 

— crude and heavy oil, 112 

— feed, 133 

— forms of, first used, 110 

— gas from, 125 

— gasoline, 143 

method of fractionating distil- 
late from, 145 

— gradual improvements in, V.O * 

— heavy residuum, 139 

— laboratory, 237 

— lives, &c. of, 191 

— or worm house, 121 

— pressure, 195 # 

construction of, 19i 

method of working, 196 

— — yields from, Jdtf 
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Stills, regulation of distillation by 
steam, 118 

— room to be left for expansion when 

charging, 117 

— separators used in connection with, 

116 

— soda, method of fractionating dis- 

tillate from, 141 

— steam used in, 112, 193 

— steam used in, McCutchon’s 

method of superheating, 115 

in, methods of superheating, 

114 

Straiton Oil Co., Limited, 17, 26 
Sft Rollox oil work, 26 
Struther’s oil work, 26 
Sweating process for wax refining, 
163 

Henderson’s, 163 


Tar, see Acid and Soda tar 
Taylor’s oil work, 26 
Theoretical, general .(Chapter III,), 
46 

Third stage heavy oil stills, method 
of fractionating distillate 
^ from, 136 

light oil stills, method of frac- 
tionating distillate from, 135 
Thirlstone oil work, 26 
Torbanhill mineral, 3 
Trap for oil, 210 
Treated oils, acid left in, 204 
Treating, acid used in, 49 
• — agitator, centrifugal stirrer for, 127 
^ — agitators, old and present styles 
of, 126 

• — air tlCrsiw mechanical agitation, 
203 

caution for, 50 

— data^Ohapter 203 
theory of/ 49, 126 

— versttB dietillatiSQ, 248 
Treatment df first stage oils, 133 
^ offecond stags q^ls, 135 


Treatment, of burning oil, 137 

— of coke tower naphtha, 143 

— of lubricating oil, 142 

— of oils, modus operandif 128 

— of once run oil, 131 

— of pressed oil, 141 

— of semi-refined air-condenser 

naphtha, 143 

— of small v. large quantities, 130 

— V. distillation, 110 

Twaddell degrees compared with 
Beaumd and specific gravity, 261 


Uddingston Oil Co,, 26 
Uphall Oil Co., amalgamation of, 
with Young’s Co., 16, 19 

Limited, 16, 26 

— oil work, 14, 26 


Vacuum in gas mains of retorts, 94 
Vapour density of shale oils, 200 
Vaseline, 52 

Viscosity, effect of heat on, 222 

— how to determine, 220 

— relation between specific gravity 

and, 221 

Vulcan oil work, 26 


Water discharge from works, inci- 
dent connected with, 212 
Waterford Oil Co., 14 
Wax, dirt in, 228 

— how extracted, 146 

— refined, 162 

— refining, 160 

by acid and soda, 160 

by naphtha, 160 

by sweating, 163 

char used in, 165 

char, when first used for, 166 

— see Scale 

— semi-refined, 162 

— water in, 229 
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Wax, when first separated, 6 

— when first used as article of 

commerce, 6 

Waxes, causes of differences between, 
52 

— different cliaracteristics of, 53 

— specific heat of, 200 

— specific gravity of, 250 
Walkinshaw Oil Co., Limited, 17, 26 
amalgamation of, with 

Hermand Oil Co., 19 
Water discharge from works, 210 
Waterford oil work, 14 
West Calder Oil Co., 9, 26 
Westfield Oil Co., Limited, 18, 26 
Westlothian Oil Co., Limited, 18, 26 
Whiterigg oil work, 26 


Yields, see Crude oil. Ammonia and 
Retorts 

Young and Beilby’s retorts, see 
Retorts 

— Jas., life of, 1 

Young, Meldrum and Bennie, con- 
tract of copartnery between, 
5 

Young’s cooling drum, 147 

— (Jas.) retorts, 57, 58 

— Paraffin Light and Mineral Oil 

Co., Limited, 12, 26 
^ Amalgamation with Uphall 
Oil Co., 16, 19 
losses, 30 

— (Wm.) coke tower naphtha appa- 

ratus, 107 
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Electric Heating. By E. A. Wilcox, E.E., A.I.E.E. i8o 
illus., vi-1- 286 pp., 8vo. {New York, 1916.) los. 6d. net. 
Postage, inland, ^d. ; abroad, yd. 

Wiring Rules. With Extracts from the Board of Trade Regu- 
lations and the Home Office Regulations for Factories and 
Workshops. Issued by The Institution of Electrical 
Engineers. Sixth edition, 42 pp., 8vo, sewed. (1911.) 
yd. net. 

Wireless Time Signals. Authorised Translation of the 
Report of the Bureau of Longitudes with additional Tables 
and Data. Cr. 8vo, 133 pp., i folding plate, 30 illus. (1915.) 
3s. net. Postage 

FOREIGN EXCHANGE 

English Prices with Russian Equivalents (at Fourteen 
Rates of Exchange). English prices per lb., with equiva- 
lents in roubles and kopecks per pood. By A. Adiasse- 
wich. 182 pp., fcap. 32mo. is. id. net. 

English Prices with German Equivalents (at Seven Rates 
of Exchange). English Prices per lb., with equivalents in 
marks per kilogramme. By S. Koczorowski. 95 pp., 
fcap. 32mo. is. id. net. 

English Prices with Spanish Equivalents. At Seven Rat^ 
of Exchange. English prices per lb., with equivalents in 
pesetas per kilogramme. By S. Lambert. 95 pp., 32mo^ 
IS. id. net. 

English Prices with French Equivalents (at Seven Rates 
of Exchange). English prices per lb. to francs per kilo- 
gramme. By H. P. McCartney. 97pp., 32mo. is.iif.net. 

Principles of Foreign Exchange. By E. Matheson. 

Fourth edition, 54 pp., 8vo, sewed. (1905.) 4^. net. 

GAS AND OIL ENGINES ,, 

The Theory of the Gas Engine. By D. Clerk. Edited by 
F. E. Idell. Third edition, 19 illus., 180 pp., i8mo, boards. 
{New York, 1903.) 2S. 6d. net. T 

Electrical Ignition for Internal Combustion Engines. By M. 
A. Codd. 109 illus., 163 pp., crown 8vo. (1911.) 3s. ne^. 

Design and Construction of Oil Engines. By A. H.Vxold^ 
ingham. Fourth edition, 137 illus., 299 gp. (New York, 
1914.) ios.6if.net. Postage: inland, 50:;^ abroad, lod. 
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Gas Engine in Principle and Practice. By A. H. Golding- 
ham. New impression, 107 illus., 195 pp., 8vo. {New 
York, 1912.) ys. net. 

Practical Handbook on the Care and Management ot 
Gas Engines. By G. Lieckfeld. Third edition, square 
i6mo. (New York, 1906.) 4s. net. 

Elements of Gas Engine Design. By S. A. Moss. 197 pp., 

i8mo, boards. Second ed. (New York, 1907.) 2 s. 6d. net. 

GAS LIGHTING 

Transactions of the Institution of Gas Engineers. Edited 
by Walter T. Dunn, Secretary. Published annually. 8vo. 
• I os. 6d. net. 

Gas Analysts’ Manual. By J. Abady. 102 illus., 576 pp., 
demy 8vo. (1902.) i8s. net. 

Gas Works : their Arrangement, Construction, Plant and 
Machinery. By F. Colyer. 31 folding plates, 134 pp., 
8vo. (1884.) 8s. 6d. net. 

Lighting by Acetylene. By F. Dye. 75 illus., 200 pp. 
crown 8 VO. (1902.) 6s. net. 

A Comparison of the English and French Methods of 
Ascertaining the Illuminating Power of Goal Gas. By 
A. J. Van Eijndhoven. Illustrated, crown 8vo. (1897.) 4s. 
net. 

Gas Lighting and Gas Fitting. By W. P. Gerhard. Third 
edition, 190 pp., i8mo, boards. (New York, 1904.) 2s. 6d, net. 
A Treatise on the Comparative Commercial Values of 
Gas Coals and Cannels. By D. A. Graham. 3 plates, 

100 pp., 8vo. (1882.) 4s. 6d. net. 

The Gas Engineer’s Laboratory Handbook. By J. Horn- 
by. Third edition, revised, 70 illus., 330 pp., crown 8vo. 
(1911.) 6s. net. 

Electric ^Gas Lighting. By N. H. Schneider. 57 illus.^ 

101 pp., crown 8vo. (S. & C. Series, No. 8.) (New York, 
1901.) IS. 6d. net. 

Aistorigal and biographical 

Extracts from the Private Letters of the late Sir William 
Fothergill Cooke, 1836-9, relating to the Invention and 
Development of the Electric Telegraph ; also a Memoir by 
Latimer IGlark. Edited by F. H. Webb, Sec.InstE.E. 
8vo.* {T895.) ^s. net. 
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A Chronology of Inland Navigation in Great Britain. By 
H. R. De Salis. Crown 8vo. (1897,) 4s. 6d. net. 

A History of Electric Telegraphy to the year 1837. By J. 

J. Fahie. 35 illus., 542 pp., crown 8vo. (1889,) gs. net. 
Life as an Engineer : its Lights, Shades, and Prospects. By 
J. W. C. Haldane. New edition, 23 plates, 390 pp., crown 
8vo. (1910.) 5$. net. 

A Cornish Giant. Richard Trevethick, the father of the Loco- 
motive Engine. By E. K. Harper. 12 illus., including 2 
. plates, 60 pp., 8vo. sewed. (1913.) is. net. 

The Development of the Mercurial Air Pump. By Prof. 
S. P. Thompson. 43 illus., 37 pp., royal 8vo, sewed. (1888,) 
IS. 6i. net. * 

HOROLOGY 

Watch and Clock Maker’s Handbook, Dictionary and 
Guide. By F. J. Britten. Eleventh edition, 450 illus., 
492 pp., crown 8vo. (1915.) 5s. net. 

Prize Essay on the Balance Spring and its Isochronal Adjust* 
ments. By M. Immisch. 7 illus., 50 pp., crown 8vo. 
(1872.) 2s. 6d. net. 

HYDRAULICS AND HYDRAULIC 
MACHINERY 

(See also Irrigation and Water Supply.) 
Hydraulic Flow Reviewed. By A. A. Barnes. With 
Frontispiece and ii Folding Plates. 158 pp., 8vo. (1916.) 
I2S. 6d. net. Postage : irdand, ^d. ; abroad, gd. 
Hydraulics with Working Tables. By E. S. Bellasis. 

Second edition, 160 illus., xii+sn pp.> 8vo. (1911. ) 12s. net. 
Pumps : Historically, Theoretically and Practically Considered 
By P. R. BJdrling. Second edition, 156 illus., 234 PP., 
crown 8vo. ( 1895 .) 7s. 6d, net. 

Pump Details. By P. R. B]5rling. 278 illus., 211 pp.. 

crown 8vo. (1892.) 7s. 6d. net. 

Pumps and Pump Motors : A Manual for the use of Hydraulic 
Engineers. By P. R. BJdrling. Two vols., 261 plates. 
369 pp., royal 4to. (1895.) £1 los. net. ^ ^ 

Practical Handbook on Pump Construction. By P. Rc 
Bjdrllng. Second ed., new imp., 9 plates, yiii +86 pp., cr. 
6vo. (1912.) 35. 6d. net. 
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Abater or Hydraulic Motors. By P. R. Bjdrllng. 206 illus., 
287 pp., crown 8vo. {1903,) gs. net. 
hydraulic Machinery, with an Introduction to Hydraulics. 
By R. G. Blaine. Third edition, 307 illus., 468 pp., 8vo. 
(Finsbury Technical Manual.) {1913,) 10s, 6d, net. 
Practical Hydraulics. By T. Box. Fifteenth edition, 8 
plates, 88 pp., crown 8vo. {1913,) 5s, net. 

Pumping and Water Power. By F. A. Bradley. 51 illus., 
vii + 118 pp., demy 8vo. {1912,) 4s, 6d, net. 

Pumps and Pumping Machinery. By F. Colyer. 

VoL I. Second edition, 53 plates, 212 pp., 8vo. {1892,) 

105. 6d. net. 

Vol. II. Second edition, 48 plates, 169 pp., 8vo. 
{1900.) los. 6d, net. 

[Construction of Horizontal and Vertical Water-wheels. By 
W. Cullen. Second edition, 12 plates, 4to. (1871.) 5s.net. 
Oonaldson’s Poncelet Turbine and Water Pressure Engine 
and Pump. By W. Donaldson. 2 plates, viii -f 32 pp., 
demy 4to. (1883.) 5s. net. 

Practical Hydrostatics and Hydrostatic Formulae. By 
E. S. Gould. 27 illus., 114 pp., i8mo, boards. {New York, 
1903,) 25. 6d. net. 

[lydraulic and Other Tables for purposes of Sewerage and 
Water Supply. By T. Hennell. Third edition, 70 pp., 
crown 8vo. (1908.) 4s. 6d, net. 

Fables for Calculating the Discharge of Water in Pipes. 

By A. E. Silk. 63 pp,, crown 8vo. (1914.) 3s. bd, net. 

\ B C of Hydrodynamics. By Lieut.-Col. R. de Villamil. 

48 illus., xi 4- 135 pp., demy 8vo. (1912,) 6s. net. 
Motion of Liquids. By Lieut.-Col. R. de Villamil. 8vo, 
xiv + 210 pp., 86 illus., 30 tables, (1914) 7s. 6d, net. 

Postage : inland, 4^. ; abroad, 8d. 

INDUSTRIAL CHEMISTRY AND 
MANUFACTURES 

iransacuons of the American Institute of Chemical En» 
gincers. Issued annually. 305. net. per volume. 
Perftimes and Cosmetics. By G. W. Atkinson. 8vo, 32 
^ illus., 344 pp. Fourth ed. (New York, 1915.) 21s. net. 
Postage :4pland, ^d. ; abroad, lod. 
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Brewing Calculations, Gauging and Tabulation. By G. H. 

Bater. 340 pp., 64mo, roan, gilt edges. {1914.) is. 6d. net. 
A Pocket Book for Chemists, Chemical Manufacturers, 
Metallurgists, Dyers, Distillers, etc. By T. Bayley. 
Edited by R. Ensoll. Eighth edition, x + 425 pp., 
fcap, 8vo. (1917.) ys. 6 d. net. Postage, 3^^. 

Practical Receipts for the Manufacturer, the Mechanic, and for 
Home use. By Dr. H. R. Berkeley and W. M. Walker. 
New impression, 250 pp., demy 8vo. (1912.) 5s. net. 

A Treatise on the Manufacture of Soap and Candles, 
Lubricants and Glycerine. By W, L. Carpenter and H. 
Leask. Second edition, 104 illus., 456 pp., crown 8vo. 
(1895.) I2S. 6d. net. 

A Textbook of Paper Making. By G. F. Cross and E. 
Bevan. Fourth ed. containing additional matter and in part 
re-written with collaboration of J. F. Briggs. 99 illus., 
16 plates, X + 508 pp., 8vo. (1916.) 15s. net. Post- 

age : inland, 6 d . ; abroad, is. 

C.B.S. Standard Units and Standard Paper Tests. By C. 
F. Cross, E. J. Bevan, C. Beadle and R. W. Sindall. 
25 pp., crown 4to. (1903.) 2 $. 6d. net. 

Pyrometry. By C. R. Darling. 60 illus., 200 pp., crown 8vo, 
(1911.) 5s. net. 

Soda Fountain Requisites. A Practical Receipt Book for 
Druggists, Chemists, etc. By G.H. Dubelle. Fourth ed., 
157 pp., crown 8 VO. (New York, 1911.) 5s. net 
Spices and How to Know Them. By W. M. Gibbs. 47 
plates, including 14 in colours, 176 pp., 8vo. (New York, 
1909.) 15s. net. 

The Chemistry of Fire and Fire Prevention. By H. and H. 

Ingle. 45 illus., 290 pp., crown 8 vo. (1900.) 95 . net. 
Ice-making Machines. By M. Ledoux and others. Sixth 
edition, 190 pp.", i 8 mo, boards. (New York, 1906.) 25. 6d. net. 
Brewing with Raw Grain. By T. W. Lovibondr 75 pp., 
crown 8 vo. (1883.) $s. net. 

The Chemistry, Properties, and Tests of Precious 

By J. Mastin. 114 pp., fcap. i6mo, limp leather, gilt top. 
(1911.) 25. 6d. net. 

Sugar, a Handbook for Planters and Refiners. By the late 
J. A. R. Newlands and B. E. R. Newlands. 236 illus., < 
876 pp., 8vo. (1909.) £i 5s. net. 
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Principles of Leather Manufacture. By Prof. H. R. Proc- 
ter. Second edition in preparation. 

Leather Industries Laboratory Handbook of Analytical and 
Experimental Methods. By H. R. Procter. Second edi- 
tion, 4 plates, 46 illus., 450 pp., 8vo. (1908,) 185. net. 

Leather Chemists’ Pocket Book. A short compendium of 
Anal5^ical Methods. By Prof. H. R. Procter. Assisted 
by Dr. E. Stiasny and H. Brumwell. 4 illus., xiv 4- 223 
pp., i6mo, leather. (1912,) 5s. net. 

Theoretical and Practical Ammonia Refrigeration. By 
I. I. Redwood. Seventh edition, 15 illus., 146 pp., square 
i6mo. (New York^ 1914.) 5s. net. 

• 

Breweries and Maltings. By G. Scammell and F. Golyer. 

Second edition, 20 plates, 178 pp., 8vo. (1880.) 6s, net. 

Factory Glazes for Ceramic Engineers. By H. Rum- 
Bellow. Folio. Series A, Leadless Sanitary Glazes. 
(1908.) £2 2s. net. 

Spons’ Encyclopaedia of the Industrial Arts, Manufactures 
and Commercial Products. 2vols. 1,500 illus., 2,100 pp., 
super royal 8vo. (1882.) £2 2s. net. 

Tables for the Quantitative Estimation of the Sugars. By 
E. Wein and W.'Frew. Crown 8vo. (1896.) 6s. net. 

^he Puering, Bating and Drenching of Skins. By J. T. 
Wood. 33 illus., XV + 300 pp., 8vo. (1912.) 12s, 6d. 

net. 

Workshop Receipts. For the use of Manufacturers, Mechanics 
and Scientific Amateurs. New and thoroughly Revised 
Edition, crown 8vo. (1917.) 3s. 6d. each net. 

Vol. I. Acetylene Lighting to Drying. 223 illus., 
«r 532 pp. 

Vol. 11 . Dyeing to Japanning. 259 illus., 540 pp. 

Vol. III. Jointing Pipes to Pumps. 256 illus., 528 pp. 
^ol. IV. Rainwater Separators to Wire Rope 
Splicing. 321 illus., 540 pp. 

Practical Handbook on the Distillation of Alcohol from 

’ Farm Products. By F. B. Wright. Second edition, 60 
illus^ 271 ^p., crown* 8vo. (New York, 1913.) $s. net. 
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INTEREST TABLES 

The Wide Range Dividend and Interest Calculator, shovsdng 
at a glance the Percentage on any sum from One Pound to 
Ten Thousand Pounds, at any Interest, from i per cent, to 
12 J per cent., proceedhig by J per cent. By A. Stevens. 
100 pp., super royal 8vo. 6s. net. 

Quarter morocco, cloth sides, 7s. 6i. net. 

The Wide Range Income Tax Calculator, showing at a glance 
the Tax on any sum from One Shilling to Ten Thousand 
Pounds, at the Rate of 9^., is., and is. 2d, in the Pound. 
By A. Stevens. On folding card, imperial 8vo. is. net. 

IRRIGATION 

Irrigation Works. By E. S. Bellasis. 37 ihus., viii + 174 
pp., 8 VO. (191S,) 8s. net. 

Irrigation Pocket Book. By R. B. Buckley. Second 
edition. 80 illus., viii + 483 pp., cr. 8vo, leather cloth. 
(1913,) 15s. net. Postage, ^d. 

The Design of Channels for Irrigation and Drainage. By 
R. B. Buckley. 22 diagrams, 56pp., crown 8vo. (1911.) 
2s. net'. 

The Irrigation Works of India. By R. B. Buckley. Second 
edition, with coloured maps and plans. 336 pp.,4to, cloth. 
(1905,) £2 25 , net. 

Irrigated India. By Hon. Alfred Deakin. With Map, 32%, 
pp., 8vo. (1893,) 8s. 6d. net. 

Indian Storage Reservoirs, with Earthen Dams. By W.L. 
Strange. Second ed., 16 plates, 59 illus., xxiv + 442 pp., 
8vo. (1913,) 2 IS, net. 

The Irrigation of Mesopotamia. By Sir W. Willcocks. 
Second ed. 2 vols., 46 plates, 136 pp. (Text super royal 
8vo, plates folio.) (1917,) £i net. 

Egyptian Irrigation. By Sir W. Willcocks and J. I. Craig, 
In 2 Vols. Third edition, 81 plates, 183 illus., 900 pp., 
sup. roy. 8vo. (1913,) 42s. net. 

The Nile Reservoir Dam at Assuan, and After. 'By Six' 
W. Willcocks. Second edition, 13 plates, 35 pp., super royal 
8 VO. (1903,) 3s. net. ^ 

The Assu&n Reservoir and Lake Moeris. By Sir Wf Wi^- 
cocks. With text in English* French and 'Arabic. 5 
plates, 116 pp., super royal 8vo. (1904,f' net. 
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The Nile in 1904 . By Sir W, Willcocks. 30 plates, 200 pp. 
super royal 8vo. (1904.) 5s. net. 

LOGARITHM TABLES 

Aldum’s Pocket Folding Mathematical Tables. Four- 
figure Logarithms, and Anti-logarithms, Natural Sines, 
Tangents, Cotangents, Cosines, Chords and Radians for all 
angles from i to 90 degrees. And Decimalizer Table for 
Weights and Money. On folding card. net. 20 copies, 
6s. net. 

Tables of Seven -figure Logarithms of the Natural Numbers 
from I to 108,000. By C. Babbage. Stereot5rpe edition, 
224 pp., medium 8vo. 5s. net. 

Vour- Place Tables of Logarithms and Trigonometric 
Functions. By E. V. Huntington. Ninth thousand, 
34 pp., square 8vo, limp buckram, with cut lateral index. 
(New York, 1911.) 3s. net. 

Short Logarithmic and other Five Figure Tables. By Prof. 
W. C. Unwin. Sixth edition, 43 pp., cr. 4to, limp cloth. 
(1917.) IS. ed. net. 

Logarithmic Land Measurement. By J. Wallace. 32 
pp., royal 8vo. (1910.) 5$. net. 

ABC Five -figure Logarithms with Tables, for Chemists. 

By C. J. Woodward. Crown 8vo. 2 S. 6d. net. 

ABC Five -figure Logarithms for general use, with lateral 
index for ready reference. By C. J. Woodward. Second 
edition, with cut lateral Index, 116 pp., i2mo, limp leather. 
3s. net. 

MARINE ENGINEERING 
AND NAVAL ARCHITECTURE 

Marine Propellers. By S. W. Barnaby. Fifth edition, 5 
plates, 56 iUus., 185 pp., demy 8vo. (1908.) los. 6i. net. 
The Suction Caused by Ships and the Olympic -Hawke 
Collision. By E. S. Bellasis. i chart and 5 illus. in 
• ^xt, 26 pp., 8 VO, sewed. (1912.) is. net. 

Yachting Hints, Tables and Memoranda. By A. C. Franklin. 
Waistcoat pocket size, 103 pp., 64mo, roan, gilt edges. 

•es* lict* 

Steamship Coefldcients, Speeds and Powers. By C. F. Ai. 
Fyfe. edition in preparation. 
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How to Build a Speed Launch. By E. W. Graef. 14 plates, 
32 pp., quarto. (New York, 1903), 5s. net. 

Steamships and Their Machinery, from first to last. Bj 
J. W, C. Haldane. 120 illus., 532 pp., 8vo. (1893,) 15s, 
net. 

Tables for Constructing Ships’ Lines. By A. Hogg. Third 
edition, 3 plates, 20 pp., 8vo. sewed. (1911,) 3s. net. 

Structural Design of Warships. By Prof. W. Hovgaard. 

Super roy. 8vo. With 23 tables, 6 plates, and 186 illus., 
384 pp. (1915). 2IS. net. Postage : inland, 6d . ; abroad, 

IS. 2d. 

Modern History of Warships. By Prof. W. Hovgaard. 

Super royal 8vo. (In the Press.) , 

Tabulated Weights of Angle, Tee, Bulb, Round, Square, and 
Flat Iron and Steel for the use of Naval Architects, Ship- 
builders, etc. By C. H. Jordan. Sixth edition, 640 pp., 
oblong 32 mo., hYench morocco, gilt edges. (1909.) ys. 6d. 
net. Postage 4^. 

Particulars of Dry Docks, Wet Docks, Wharves, etc., on the 
River Thames. Compiled by C. H. Jordan. Second 
edition 7 coloured charts, 103 pp., oblong 8vo. (1904,) 
IS. net. 

Marine Transport of Petroleum. By H. Little. 66 illus., 
263 pp., crown 8vo. (1890.) los. 6d. net. 

Questions and Answers for Marine Engineers, with a Prac- 
tical Treatise on Breakdowns at Sea. By T. Lucas. 12 
folding plates, 515 pp., gilt edges, crown 8vo. (New York, 
1902.) gs, net. 

How to Build a Motor Launch. By C. D. Mower. 49 illus., 
42 pp., 4to. (New York, 1904,) 5s. net. 

Reed’s Engineers’ Handbook to the Board of Trade 
Examinations for certificates of Competency as First and 
Second Class Engineers. Twentieth edition, plates, 
389 illus., 478 pp., 8vo. (1915), 15s. net. 

Key to Reed’s Handbook, ys, Id, net. 

Reed’s Marine Boilers. Third edition, 79 illus., 258 pp., 
crown 8vo. (1905), 4s. Id, net. . 

Reed’s Useful Hints to Sea-going Engineers. Fourth 
edition, 8 plates, 50 illus., 312 pp., crown 8vo.' (1903.\ 
35. 6d, net. 
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How to Build a Three -horse Power Launch Engine. By 
E. W. Roberts. 14 plates, 66 pp., folio. [New York, 1901,) 
12s, net. 

MATERIALS 

Practical Treatise on the Strength of Materials. By T. 
Box. Fourth edition, 27 plates, 536 pp., 8vo. (1902,) 
12s, 6d, net. 

Solid Bitumens. By S. F. Peckham. 23 illus., 324 pp., 
8vo. [New York, 1909.) £1 is. net. 

Lubricants, Oils and Greases. By I. 1. Redwood. 3 
plates, ix + 54 pp., 8vo. (1898.) ys. net. 

Practical Treatise on Mineral Oils and their By-Products. 
By I. I. Redwood. 76 illus., 336 pp., 8vo. (1914.) 
los. 6d. net. 

Silico- Calcareous Sandstones, or Building Stones from 
Quartz, Sand and Lime. By E. Stoffler. 5 plates, 8vo, 
sewed. (1901.) 4s. net. 

MATHEMATICS 

Imaginary Quantities. By M. Argand. Translated by 
Prof. Hardy. i8mo, boards. (NewYork.) 1881. 2s.6<f. net. 

Text-book of Practical Solid Geometry. By E. H. de V. 
Atkinson. Revised by Major B. R. Ward, R.E. Second 
edition, 17 plates, 134 pp., 8vo. (1913.) ys. 6d. net. 

Preliminary Mathematics. By Prof. F. E. Austin. 174 pp., 

p cr. 8vo. (New York, 1917.) 5s. 6 d. net. 

Quick and Easy Methods of Calculating, and the Theory 
and Use of the Slide Rule. By R. G. Blaine. Fourth 
edition, 6 illus., xii -f 152 pp., i6mo. (1912.) 2s. 6d. net. 

Symbolic Algebra, or the Algebra of Algebraic Numbers. 
By W. Cain. 12 illus., 131 pp., i8mo, boards. (New 
York, 1884.) 2s. 6d. net. 

Nautical Astronomy. By J. H. Colvin. 127 pp., crown 8vo. 

• (190 f.) 2s. 6d. net. 

Ghemical Problems. By J. C. Foye. Fourth edition,^ 141 
i8mo, boards. (New York, 1898.) 2s. 6d. net. 

Vrimer of the Calculus. By E. S. Gould. Fifth ed., 24 
illus., 122 pp., i8mo, boards. (New York, 1912.) 2s. 6d. net. 

Klem^ntary Treatise on the Calculus for Engineering Stu- 

► dents. By J. Graham. Fourth edition, 116 illus., xii 
+ 355 cr. 8 VO. (1914.) 5s. net. 



28 E. & P. N. SPON, Ltd., 67. HAYMARKET, LONDON, S.W. 1 


Manual of the Slide Rule. By F. A. Halsey. Fourth edition. 
31 illus., 84 pp., i8mo, boards. (New York, 1907,) 2s, 6d, net. 

Reform in Chemical and Physical Calculations. By 
C. J.. T. Hanssen. 4to. (1897,) 6s. 6d, net. 

Algebra Self-Taught. By P. Higgs. Third edition, 104 
pp., crown 8vo. (1903.) 2s. 6d. net. 

A Text-book on Graphic Statics. By C. W. Malcolm. 

155 illus., 316 pp., 8vo. (New York, 1909,) 15s. net. 
Galvanic Circuit Investigated Mathematically. By G. S. 
Ohm. Translated by William Francis. 269 pp., i8mo, 
boards. Second ed. (New York, 1905.) 2s. 6d. net. 

Elementary Practical Mathematics. By M. T. Ormsby. 

Second edition, 128 illus., xii -f 410 pp., medium 8vd. 
(1911.) 5$. net. 

Elements of Graphic Statics. By K. Von Ott. Translated 
by G. S. Clarke. 95 illus., 128 pp., crown 8vo. (1901.) 5s. 
net. 

Arithmetic of Electricity. By T. 0*C. Sloane. Twentieth 
ed., 5 illus., 162 pp., crown 8vo. (New York, 1909.) 
5s. net. 

Graphic Method for Solving certain Questions in Arith- 
metic or Algebra. By G. L. Vose. Second edition, 
28 illus., 62 pp., i8mo, boards. (New York, 1902.) 2 s. Gd. 
net. 

Problems in Electricity. A Graduated Collection comprising 
all branches of Electrical Science. By R. Weber. Trans- 
lated from the French by E, A. O’Keefe. 34 illus., 
366 pp., crown 8vo. Third ed. (1902.) ys. Gd. net 

MECHANICAL ENGINEERING 

Steam Engines and Boilers, etc. 

The Economical Use of Goal. By J. H. Andersop. 32 pp. 

crown 8vo. sewed. (1916.) is. net. 

Engineers’ Sketch Book of Mechanical Movements. By 
T. W. Barber. Fifth edition, 3,000 illus., 355 pp., 3 vo.. 
(1906.) los. Gd. net. 

The Science of Burning Liquid Fuel. By William Newto^ 
Best. 100 illus., 159 pp. 8vo. (1913.) 9$. net. n 
Practical Treatise on Mill Gearing. By T. Box. Fifth 
edition, ii plates, 128 pp., crown 8vo. (18i2.) y%.Gd. net. 
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House Drainage and Sanitary Plumbing. By W. P. 
Gerhard. Eleventh ed., 6 illus., 231 pp., i8mo, boards. 
{New York, 1905.) 2s, 6d. net. 

The Treatment of Septic Sewage. By G. W. Rafter. 

137 pp., i8mo, boards. Third ed. (New York, 1913.) 
2S. 6d. net. 

Reports and Investigations on Sewer Air and Sewer Ven- 
tilation. By R. H. Reeves. 8vo, sewed. (1894.) is, 
net. 

Sewage Drainage Systems. By Isaac Shone. 27 folding 
plates, 47 illus., 440 pp., 8vo. (1914.) 25s. net. 
Drainage and Drainage Ventilation Methods. By Isaac 
Shone, C.E. 7 folding plates, 36 pp., 8vo, leather? 
(1913.) 6s. net. 

Valuations. By S. Skrimshire, F.S.L 200 fully worked 
examples, 460 pp., 8vo. (1915). 10s. 6d. net. Postage: 

inland, 5i. ; abroad, loi. 

The Law and Practice of Paving Private Street Works. 
By W. Spinks. Fourth edition, 256 pp., 8vo. (1904.) 
12s. 6d. net. 


STRUCTURAL DESIGN 

(See Bridges and Roofs) 

TELEGRAPH CODES 

New Business Code. 320 pp., narrow 8vo. (Size 4} in. by 
7| in. and J in. thick, and weight 10 oz.) (New York, 1909.) 
£i IS. net. 

Miners’ and Smelters’ Code (formerly issued as the Master 
Telegraph Code). 448 pp., 8vo, limp leather, weight 
14 oz. (New York.) £2 los. net. 

General Telegraph Code. Compiled by the Busines%Cpde 
Co . 1 ,023 pp., small 4to, with cut side index for read^ refer- 
ence. (New York, 1912.) 63s. net. Postage: inland, 
6d. ; abroad, is. 4^. ^ ^ 

Billionaire Phrase Code, containing over two million sen-* 
tences coded in single words. 56 pp., 8vOrf’eather. (New 
York, 1908.) 6s. 6d. net. 



SOIBNTIPIO BOOKS. 


41 


WARMING AND VENTILATION 

Hot Water Supply. By F. Dye. Fifth edition, new impres- 
sion, 48 illus., viii + 86 pp., 8vo. (1912.) 3s. net. 

A Practical Treatise upon Steam Heating. By F. Dye. 

129 illus., 246 pp., 8vo. (1901.) los. net. 

Warming Buildings by Hot Water. ByF. W. Dye. Second 
Edition, revised, with 159 illus., xvi -f 316 pp., 8vo. (1917,) 
los. net. Postage, Inland 5^^. ; Abroad, M. 

Charts for Low Pressure Steam Heating. By J. H. Kinealy. 

Small folio. (New York.) 5s. 

Formulae and Tables for Heating. By J. H. Kinealy. 

% 18 illus., 53 pp., 8vo. (New York, 1899.) 3s. bd. net. 

Centrifugal Fans. By J. H. Kinealy. 33 illus., 206 pp., 
fcap. 8vo, leather. (New York, 1905.) 12s. 6d. net. 
Mechanical Draft. By J, H. Kinealy. 27 original tables and 
13 plates, 142 pp., crown 8vo. (New York, 1906.) gs. net. 
Theory and Practice of Centrifugal Ventilating Machines. 

By D. Murgue. 7 illus., 81 pp.,. 8vo. (1883.) 5s. net. 
Mechanics of Ventilation. By G. W. Rafter. Third 
ed., 143 pp., i8mo, boards. (New York, 1912.) 2s. 6d. net. 
Principles of Heating. By W. G. Snow. New edition, 59 
illus., xii 4 - 224 pp., 8vo. (New York, 1912.) gs. net. 

iFurnace Heating. By W. G. Snow. Fourth edition, 52 
illus., 216 pp., 8vo. (New York, 1909.) 6s. 6d. net. 
Ventilation of Buildings. By W. G. Snow and T. Nolan. 
83 pp., i8mo, boards. (New York, 1906.) 2 s. 6d. net. 

Heating Engineers’ Quantities. By W. L. White and G. M. 
WWte. 4 plates, 33 pp., folio. (1910.) los. 6d. net. 

WATER SUPPLY 

(See also Hydraulics) 

Potable Water and Methods of Testing Impurities. By 
^ M. N. Baker. 97 pp., i8mo, boards. Second ed. (New 
York, 1905.) 2 S. 6d. net. 

Manual of Hydrology. By N. Beardmore. New impres- 
^ jion, 18 plates, 384 pp., 8vo. (lOH.) los. 6d. net. 
^Bacteriology of Surface Waters in the Tropics. By W. W. 
Clemeshsi^ 12 tables, viii 4 161 pp., 8vo. (Calcutta, 
191L) ^sSd. net. 
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Water Softening and Purification. By ik. Collet, Second 
edition, 6 illus., 170 pp., crown 8vo. (1908,) 5s. net. 

Treatise on Water Supply, Drainage and Sanitary Appliances 
of Residences. By F, Colyer. 100 pp.,. crown 8vo. 
(1899,) IS. bd, net. 

Purification of Public Water Supplies. By J. W. Hill, 

314 pp., 8vo. (New York, 1898.) los. ^d, net. 

Well Boring for Water, Brine and Oil. By C. Isler. Second 
edition, 105 illus., 296 pp., 8vo. (1911,) los. ^d, net. 
Method of Measuring Liquids Flowing through Pipes by 
means of Meters of Small Calibre. By Prof. G. Lange, 

I plate, 16 pp., 8vo, sewed. (1907.) 6d. net. 

On Artificial Underground Water. By G. Richert. 16*’ 

illus., 33 pp., 8vo, sewed. (1900.) is. Cid. net. 

Notes on Water Supply in new Countries. By F. W. Stone. 

18 plates, 42 pp., crown 8vo. (1888.) 5s. net. 

The Principles of Waterworks Engineering. By J. H. T. 
Tudsbery.and A. W. Brightmore. Third edition, 13 
folding plates, 130 illus., 447 pp., demy 8vo. (1905.) £1 is. 
net. 

WORKSHOP PRACTICE 

For Art Workers and Mechanics 

4 

Alphabet of Screw Cutting. By L. Arnaudoni Fifth 
edition, 92 pp., cr. 8vo., sewed. (1913.) 4s. net. 

A Handbook for Apprenticed Machinists. By O. J. Beale. 

Third ed., 89 illus., 141 pp., i6mo. (New York, 1901.) 
2 s. 6d. net. 

Practice of Hand Turning. By F. Campin. Third edition, 
99 illus., 307 pp., crown 8vo. (1883.) 3s. 6d. net. 

Artistic Leather Work. By E. Ellin Carter. 6 plates ' 
21 illus., xii -f- 51 pp., crown 8vo. (1912.) 2 $. 6d. net. 
Calculation of Change Wheels for Screw Cutting on L^^Ik^s. 

By D. de Vries, 46 illus., 83 pp., 8vo. (1914.) 3s. net. 
Milling Machines and Milling Practice. By D. de Vries^ 
536 illus., 464 pp., medium 8vo. (1910.) 14s. net. ^ 

French-Polishers* Manual. By a French^j^isher. New 

impression, 31 pp., royal 32mo, sewed. (iSr^.) ^yd, net. 
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Galvanizing and Tinning. By W. T. Flanders. 134 Ulus., 

350 pp., 8vo. [New York, 1916.) 14s. net. Postage : in- 
land, 6d . ; abroad, is. 

Art of Copper- Smithing. By J. Fuller. Fourth edition, 
483 illus., 319 pp., royal 8vo. [New York, 1911.) 14s. net, 

Saw Filing and Management of Saws. By R. Grimshaw. 

Third ed., 81 illus., i6mo. [Nexo York, 1912.) 5s. net. 

Cycle Building and Repairing. By P. Henry. 55 illus., 
96 pp., cr. 8vo. (S. & C. Series, No. 43.) is. 6d. net. 

Turner ’s and Fitter *s Pocket Book . By J . La Nicca . 1 8mo, 
sewed, yd. net. 

^Tables for Engineers and Mechanics, giving the values of the 
different trains of wheels required to produce Screws of any 
pitch. By Lord Lindsay. Second edition, royal 8vo, 
oblong. 2s. net. 

Screw-cutting Tables. By W. A. Martin. Seventh edition. 
New imp., oblong 8vo. is. net. 

Metal Plate Work, its Patterns and their Gedinetry, for the 
use of Tin, Iron and Zinc Plate Workers. By C. T. Millis. 
Fourth Ed., New imp., 280 illus., xvi + 456 pp., cr. 8vo. 

' [1912.) 9s. net. 

The Practical Handbook of Smithing and Forging. Engin- 
eers' and General Smiths' Work. By T. Moore. New 
impression, 401 illus., 248 pp., crown 8vo. [1912.) 5s. net. 

Modern Machine Shop Construction, equipment and man- 
agemimt. By O. E. Perrigo. 208 illus., 343 pp., crown 
^ 4to. [Nc 7 jv York, 1906.) £1 is. net. 

Turner’s Handbook on Screw -cutting, Coning, etc. By 
W. Price. New impression, 56 pp., fcap. 8vo. [1912.) yd.net. 
ntroduction to Eccentric Spiral Turning. By H. C. 
Rol])inson. 12 plates, 23 illus., 48 pp., 8vo. [1906.) 
6d. net 

('orging, Stamping, and General Smithing. Sy B. Saun- 

••dlrs. 728 illus., ix -f 428 pp., demy 8vo. [1912.) £1 is. 
net. 

locket Book on Boilermaking, Shipbuilding, and the Steel 
Ad Iron Trades in General. By M. J. Sexton. Sixth 
edition, new impression, 85 illus,, 319 pp., royal 32mo, roan, 
gilt |dgeg.^(^Pi2,) 6s. net. 
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Power and its Transmission. A Practical Handbook for the 
Factory and Works Manager. By T. A. Smith. 76 pp., 
fcap, 8vo. {1910.) 2s. net. 

Spons’ Mechanics* Own Book : A Manual for Handicrafts- 
men and Amateurs. Seventh edition, 1,430 illus., 720 pp., 
demy 8vo. {1916.) 6s. net. Half bound in leather, 

marbled edges. 7s. 6d. net, 

Spons* Workshop Receipts for Manufacturers, Mechanics 
and Scientific Amateurs. New and thoroughly revised 
edition, crown 8vo. {1917.) 3s. 6d. each net. 

Vol. I. Acetylene Lighting to Drying. 223 illus., 
532 pp. 

Vol. II. Dyeing to Japanning. 259 illus., 540 pp. ^ 

Vol. III. Jointing Pipes to Pumps. 257 illus., 528 pp. 

Vol. IV. Rainwater Separators to Wire Ropes. 
321 illus., 540 pp. 

Wire and Sheet Gauge Tables. By Thomas Stobbs, Sheffield. 
A Metal Calculator and Ready Reckoner for Merchants, and 
for Office and Shop use, in Sheet, Plate, and Rod Mills, and 
Forges. 8V0, 95 pp. (1916.) 3s. 6d. net. Postage, ^d. 

Gauges at a Glance. By T. Taylor. Second edition post, 
8vo, oblong, with tape converter. {1917.) 5s. net. 

Simple Soldering, both Hard and Soft. By E. Thatcher. 
52 illus., 76 pp., crown 8vo. (S. & C. Series, No. 18,) 
(New York, 1914.) is. 6d. net 

The Modern Machinist. By J. T. Usher. Fifth edition,^ 
257 illus., 322 pp., 8vo. (New York, 1904.) los. 6d. net. 

Practical Wood Carving. By C. J. Woodsend. 108 illus., 
86 pp., 8vo. Second ed. (New York, 1908.) 4s. 6d. net. 

American Tool Making and Interchangeable Manufacturing. 
By J. W. Woodworth. Second Ed. 600 illus., 535 pp., 8vo. 
{New York, 1911.) 20s. net. 

USEFUL TABLES 

See also CuavE Tables, Earthwork, Foreign Exchange, 
Interest Tables, Logarithms, and Metric Tabl^.*".. * 

Weights and Measurements of Sheet Lead. By J. Alex- 
ander. 32mo, roan. is. 6d. net. 

Barlow's Tables of Squares, Cubes, Square Roots, Cubekoote 
and Reciprocals, of all Integer Numbers fr^ i to 10,000. 
2DO pp., crown 8vo, leather cloth. 4s. net. 
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Tables of Squares. Of every toot, inch and ^ oi an inch from 
^ of an inch to 50 feet. By E. E. Buchanan. Eleventh 
^ition, 102 pp., i6mo. 4s. net. 

Land Area Tables. By W. Godd. For use with Amsler's 
Planimeter. On sheet in envelope with explanatory 
pamphlet, is. 6 d, net. Or separately, tables on sheet is. net. 
Pamphlet, 6i. net. 

Calculating Scale. A Substitute for the Slide Rule. By W. 
Knowles. Crown 8vo, leather, is. net. 

Planimeter Areas. Multipliers for various scales. By H. B. 
Molesworth. Folding sheet in cloth case. is. net. 

Tables of Seamless Copper Tubes. By I. O’Toole. 

^ 69 pp., oblong fcap. 8vo. 3s. 6 d. net. 

Steel Bar and Plate Tables. Giving Weight per Lineal Foot 
of all sizes of L and T Bars, Flat Bars, Plates, Square, and 
Round Bars. By E. Read. On large ifolding card, is.net. 

Rownson’s Iron Merchants’ Tables and Memoranda. Weight 
and Measures. 86 pp., 32mo, leather. 3s. 6 d. net. 

Spons’ Tables and Memoranda for Engineers. By J. T. 
Hurst» C.E. Twelfth edition, 278 pp., 64mo, roan, gilt 
edges. ( 1916 .) is. net. 

Ditto ditto in celluloid case, is. 6 d. net. 

Wire and Sheet Gauge Tables. By T. Stobbs xx + 96 
pp., cr. 8vo, leather cloth. ( 1916 .) 3s. ^d. net. Postage, d^d. 

^Optical Tables and Data, for the use of Opticians. By Prof. 
S. P. Thompson. Second edition, 130 pp., oblong 8vo, 
( 1907 .) 6s. net. 

Traverse Table, showing Latitudes and Departure for each 

j Quarter degree of the Quadrant, and for distances from i to 
100, etc. i8mo, boards. 2s. 6 d. net. 


The Wide Range Dividend and Interest Calculator, showing 
at a glance the percentage on any sum from £i to £10,000, 
at ^y Interest from 1% to I2j%, proceeding by i% ; also 
► •^^^able of Income Tax deductions on any sum from £1 to 
f 10, 000, at gd., IS., and is. 2d. in the £. By Alfred Stevens. 
g)0 pp., super royal 8vo. 6s. net. Quarter Morocco, 
cloth sides. 7s. 6 d. net. 

Jhe Wide Range Income Tax Calculator, showing at a 
glance the tax on any sum from One Shilling to Ten Thou- 
sand Pounds at the Rates of od., is., and is. 2d. in the £, 
By jyfre^:>Steven8. 8 pp., pnnted on stiff card, royal 8vo. 
IS. net.# ' 
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Fifty -four Hours^ Wages Calculator. By H. N. Whiti^aw.. 

Second edition, 79 pp., 8vo. 2s. ^d, net. 

Wheel Gearing. Tables of Pitch Line Diameters, etc. By A. 
Wildgoose and A. J. Orr. 175 pp., fcap. 32mo. 25. net. 

MISCELLANEOUS 

Popular Engineering. By F. Dye. 704 illus., 477 pp., crown 
4to. (1895,) 5s. net. 

The Phonograph, and how to construct it. By W. Gillett. 

6 folding plates, 87 pp., crown 8vo. (1892,) 5s. net. 
Engineering Law. By A. Haring. Demy 8vo, cloth. (New 
^ York.) 

Vol. 1 . The Law OF Contract. 518 pp. (1911,) i8s.net. 
Particulars of Dry Docks, Wet Docks, Wharves, etc., on the^ 
River Thames. By C. H. Jordan. Second edition, 7 
coloured charts, 103 pp., oblong 8vo. (1904,) is, net. 
New Theories in Astronomy. By W. Stirling. 335 pp. 

demy 8vo. (1906,) 8s. 6d. net. 

Inventions, How to Protect, Sell and Buy Them. By F. 
Wright. 118 pp., crown 8vo. (S. & C. Series, No. 10.) 
Second edition. (New York, 1911,) is. 6d, net. 
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SPON’S ELECTRICAL POCKET-BOOK 

A REFERENCE BOOK OF 

OENERAL ELECTRICAL INFORMATION, FORMULAE AND 
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By WALTER H. MOLESWORTH, M.I.E.E., M.I.M.E. 

With 325 Illustrations, 500 pp. Fcap, 8 te, Cloth. 
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